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eThe Detector
ePerformances

eEarly Data Taking Runs
oFirst Physics
eProspects

Stefano Bianco - CMS Status and prospects - LNF Institute June 9th 2010 2



Compact Muon Solenoid .
METHOD AND GOALS

eHermetic detector in a 4T solenoid
eTracking

oCrystal calorimetry

eMuon detection

eFind the Higgs

eFind the New Physics

eHigh precision SM (W,Z,top) physics

*B physics

eHeavy ion programme  NOT COVERED IN THIS TALK :-)
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Compact Muon Solenoid
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Key:

Transverse slice
through CMS

.'/Z Particle Detection in CMS
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Total weight 12500 t
Overall diameter 15 m ECAL 76k scintillating ‘ M
Overall length PANN PbWO, crystals

HCAL Scintilator/brass

interleaved Muon

AT Solenoid End-Caps

Cathode Strip Ch/CSC)
Resistive Plate Zh. (RPC)

Tracker Pixels & Tracker 'f"

ECAL * Pixels (100x150 um?)

~ 1 m2 66M channels
HCAL » Silicon Microstrips W
Muons ~210m2 9.6M channels MUON BARREL

Solenoid coil Drift Tubes (DT) and
Resistive Plate Chambers (RPC)




HB+ February 2007

Piece

CMS
# |Designation

Weight
in

tonnes
1 HF+ 250
2 YE+3 410
3 YE+2 880
4 YE+1 1310
5 YB+2 1250
6 YB+1 1250
7 HB+ 700
8 YBO 1920
9 HB- 700
10 YB-1 1250
11 YB-2 1250
12 YE=1! 1310
13 YE=2 880
14 YE=3 410
HF-

250 ||
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CMS Commissioning with Cosmics
/ .

|




CRAFT 2008 & 2009
VERY LONG DATA TAKING WITH COSMICS USEFUL
TO COMMISSION THE DETECTOR

- Selection: DT, STRIP, BField On
Total Events: 273663744

B = 3.8 Tesla
Tracker & puDT “on”

150
ool « Autumn ‘08
- o 275 M without pixels
>0 CMS 2008 o 194 M with all detectors

S 250| S | T Summer 09
gzooé {2000 o 320 M with all detectors
z 150} 11500
100} 11000
50E 500 In total, > 1 billion cosmic trigger
. Logged between 2008 and 2009 !

Run number
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CRAFT 2009 Operations

% of Detector Operational (August 2009)
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Validation of subdetector
performance (skipping, see
backup slides)



CRAFT

Physics from cosmics
arXiv:1005.5332v1 [hep-ex] 28" May*20

CMS 2006-2008 preliminary CMS 2006-2008 preliminary
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Measurement of the Charge Asymmetry of Atmospheric Muons
with the CMS Detector -  R=positive/negative.
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Commissioning with Collisions

- CMS Experiment at the LHC, CERN

wData recorded:2009-Dec-14 04:05:38.307318 GMT
RiIN: 124120
scvent: 9463533
LO#] section: 31
Orbit™ 31924351
8. Crossing 51

Pilot Runs

Physics Run
Start-up

e.g. First collision at record Vs = 2.36 TeV




CMS@LHC

Si Tracker: Performance @LHC

Primary Vertex Pixels Clusters Strip Tracker
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CMS@LHC

Low Mass Resonances ..

N x10°

L T z CMS Preliminary 2009 T 4001 CMS Preliminary 2009
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L = ()] - 7
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n'w invariant mass (GeV/c?) pw invariant mass (GeV/c?)

First stable beams with 4x4 bunches ~ 1x1019 protons on 6t" of
Dec. ... K% & A analyses completed 7t of Dec.

Excellent understanding of the momentum scale for low mass

,rb‘ecs’c%nrgpec?acking, vertexing, alignment, magnetic field etc
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C CMS Experiment at the LHC, CERN
Run / Event: 124120 / 7247137

K° candidate event at 2.36 TeV




CMS@LHC

... and even more

Tracker

LHC Pilot Runs

N - : ]
= 30 Yield = 49.7 + 9.0 —
[ I Mean=1322.8+0.8MeVlc® -
= | E Width = 4.0 + 0.8 MeV/c? i
W - | PDG =" mass = 1321.7 + 0.1 MeV/c?
~ - .
0
Qo ¢ | -
e 20 ’ | CMS Preliminary 2009 =t —> AT
L |‘ 900 GeV and 2.36 TeV data -
Jﬁ - A Invariant mass
10 N « tracks displaced from
| primary vertex
(dsp > 30)
ot i « Common displaced
0 Al o oy oy oy | VerteX (L3D > 100-)
1300 1350 1400 1450
A% (+ c.c.) invariant mass [MeV/c?]
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CMS@LHC

... and even more

Tracker
LHC V' s = 7 TeV
N B I [ I [ I I I I I I I I I | ] B
(;" i CMS Preliminary UX
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= 100 Mean: 1672.2+ 0.4 MeV/c® _
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8 il
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CMS@LHC
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900 GeV pp collisions

1318 +/-95 ¢ candidates

M = (1.01937 +/- 0.00030) GeV
o =(1.69 +/- 0.50) MeV

Width fixed to PDG value

L | L L Il | L L Il

| I L L

1 1.02 1.04 1.06 1.08 1.1 1.12
Momentum scale KK mass (GeV)
Validation of MC
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Inclusive Reconstruction of DY

Z Dataset: 27 million minimum bias events

7 . >300»_' | L L L 'vlrvv'_j
Z Decay mode reconstruction 8 oM prefiminary :
A ~ \s=7TeV B
DO [ K 3+ Q 250i S e :
Z Selection criteria 8
. transverse momentum cuts s 200

poK) > 1:25Gev 5 :

ps(?) > 1.0Gev & 1501

O .

p,(D% > 3:0Gev :
100

[ u: 1.867 + 0.002 GeV

. Vertexing cuts

d(K;3) < 0:025cm - 0: 0.016 + 0.002 GeV .
9 S0N: 45 g
< 43 - SINS+B: 13.1 1
3<lxy=/(/xy) < 20 L Loy | ) T T
!lxy) < 0:03em 1.7 175 18 185 19 195 2
0 L . ) my , [GeV]
D" momentum vs. PV-SV direction 7 MC expectations ’
\(ppo, PV 2 5V) < 041 . Peak: 1.863 $ 0.002 GeV
. allow for multiple candidates . Width: 0.014 $§ 0.002 GeV
Urs Langenegger Flavor physics with CMS: Status and Perspectives (2010/05/25) 14
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More Open Charm: Dt*

- - .. . D*— D"(Kn)n
Z Data set: 37 million minimum bias events R T
i :m- \(I:;M-S Pr:llmlnary
7 Decay mode reconstruction N o
E : :;:.-..' :::::2 nlz\:("u:;:':"
pt+ 1 Do s+ I K 3*3; W 200 p
150 . ‘{h+
Z Kinematic selection o  fere
potk 5 06GeV o A d

p 2 Is > 0.‘25 GeV "_s.lci TR TR e T ST S o
: ; M(Kzx) - M(Kx) [GeVie?]

psP " > 5GeV D*— D°(Kn)x
O LR L K R
s : 3 300 Viald = 361 2 -
choose single D** candidate g Y mminmeusmon]
(with highest transverse momentum) < R T

5
Z Mass windows (for other projections) "

. pY . - 3 -
/m[(3 mpDGI < 25MeV 1o T 1T e R P MY S
JMkasg Mgs ZMppgf < 1.2MeV - E
P S PRI PR TR TR TR TR TR TI B b
1.7 1.75 1.8 185 1.¢ 145 2 2.C5
M(Kz) [GeV/ic)

Urs Langenegger Flavor physics with CMS: Status and Perspectives (2010/05/25) 15
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CMS@LHC

First yy Resonance in CMS

ECAL
CMS preliminary 2009, 900 GeV data N(\_) i CMS Preliminary 2009
—— il | TTTT | TTTT ] TTTT | T TTT | T TTT | TTTT I TTTT TTTT TTT : 360 _— \!E =900 GeV
8700: Nsig = 3966 + 94 . S I + Data
Sannt mean = 0.13646+ 0.00037 | S50k bowe
0600_— . = ] 50— — Data Fit
~— - sigma = 0.01550 + 0.00037 | - % - -- Background Fit
~ - n o [
0°00F E a0
PP . T
>400__ ] B
L u 7 30—
3001 - B
5 F 20
200 3 -
€] ] -
100 _.r'-—:'.:' B 10— .: .
- : s
O_II|IIII|IllllllllllIII|IIII|IIIIIIIII|IIII|IIII~ 0-:I’IIIIII|I||I][(|IIIIIIIII||||||l|I|||ll
0.050.10.150.20.250.30.350.40.450.5 0 005 01 015 0.2 025 0.3 035 04
di-photon mass (GeV/c?) Uncorrected m, .., [GeV/c]
With “Out of the box” MC corrections: M9 with one leg reconstructed
within 2% of PDG mass ... (track-driven) as conversion !

First n° peak shown already the 27t of November !
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CMS@LHC

... and even more

ECAL
«10>°  CMS Preliminary \s=7 TeV CMS Prellmlnary \I§-7 TeV
“SM400F T T T g s o [TrTTprTes LS R LR LN LA ]
3 N —9 1 = i
S o 1 & 48k .
_g1200: o ] '_10 : —— Data §
~ 1000 B % C Simulation )
got-: E E O\C, 1055_ E
S 800 12 F é
N 1 ° F 1
6001~ 7] 10 E E
4003_ —— Data 3 -
B || Simulation = 10° E
200 x - :
0 ""':F\W 102—...|.1..|1...1...1|1.1.1.1.1|1.1.|.1..|1. ]
s o8 0t 1 2 3 4 5 6 7 8 9 10
Pseudorapidity of n° — yy Candidates P; of n1°>yy Candidates [GeV]

Measured by fitting the peak reconstructed
in each n-bin (after selection). The MC is
normalized to Data. No other corrections
were applied (n = pseudorapidity of
reconstructed n®->yy candidates).

Same ad for dN/dP;
(P; refers to transverse momentum of
the reconstructed n°->yy candidates).
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CMS@LHC

Electrons

ECAL

Commissioning with wildly opened pre-selection requirements

lll T lll lll Il T llll —

O — SRR T N RN I NS LR
% 1601 CMS Preliminary 2009 | O 90F CMS Preliminary 2009 1
- \s = 900 GeV 1 9@ aoF s = 900 GeV .
O 140_ EI S'?ta i -% 80: \—SO— Data ) :
— > ey - MC ey _—
» 120 B MC others 4 =70 E M(é others
g 1 € eof -
 100| 1 & F ]
° O gof ]
© [~ : - ]
= 80 @ = .
[ o 40 —
© 60[ 1 5 .F ]
o 1 © 30F =
o ]
ug 40: i Z 20 ]
g 20 10 =
= 0 12 14 16 18 2—c g
. . 5 3 35 4
p, (GeVrc) Eoe/Pasr
Low statistics for “signal” in these data ... Reconstructed e candidates combines
mainly a commissioning exercise for electron two seeding algorithms
reconstruction observables on “background fakes” * “ecal driven” optimized for W/Z ... H
(only ~ 1/3 e mostly from secondary conversions) electrons (clusters of E;r > 4 GeV)
 “tracker driven” bringing more for
Agreement with MC is promising electrons at low prorin jets
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Electrons

NO 50 _| [ | 1T . I |- L | L | L T 177 T T | T T | 1T 1T | T T I_
- . CMS Preliminary 2010 M = 3.031+ 0.017 (stat.) GeV/c? —
> [ Vs=7TeVL, =16.4nb" B

()] B 6=0.119+ 0.011 GeV 7
O 40 ___+_ Opposite Sign Cyyo = 6.2 0.5 Events/0.1 GeVic? |
T ——+—SameSign S=93+14 7
o n + _
— n _ _
@ 30 Bkg=37+4 —
C - _
o = _
S B ]
W 20— J( ]
10# ++ + {
F AT 4 i 2 3 #
<+ < I
;--+-I | I-+_ f + ] ‘f+;+l l_+_| -+-| | 1 I -+- | 1 I-“-I [-"-| | ITI+I | %I |1 - |

Of 485 2 25 3 35 4 45 5 55 6

— Low €T electron selection M. (GeV/ C )

— Look at same sign and opposite sign combinations separately
— Binned likelihood fit of a gaussian + constant in mass range 1.5 — 4.5 GeV
— Signal is the integral of the gaussian, BG quoted in + 2.5 sigma around the mean
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CMS@LHC

Muons

Muon Detector

\
Data recorded: 2009-Dec-14 03:46:50.815379 GMT , | .
Run: 124120 . ‘
Event: 5686693
Lumi section: 19

Orbit: 19245141
Crossing: 51

(c) CERN 2008, All rights reserved

pT(Ml) = 3.6 Gevl pT(MZ) = 2.6 Gevl m(MM)= 3.03 GeV




Muons

J/Y — utu with ~1 nb-! data
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S | CMS Preliminary Ns=7TeV ] 3, CMS Preliminary \'s =7 TeV
325: ] & ]
Qe . M =3095+ 7 MeV/c2 | 0 14— _ -
8_ - RMS = 42.5 + 6.3 . 3 B I\R/IMS - 5'2)9541::698|V|ewc2 :
S I v =76%12 - J12f BV =24%5 _
=20 1 &r :
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W15 ] 8: i
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u* u- mass (GeV/é) u* - mass (GeV/é)

Loose selection cuts Tight selection cuts
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200

150

Events / (18 MeV/c?)
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Muons

Result of J/Pp at L, , = 15 nb-!

| CMS Preliminary, \/s =7 TeV +

= T LT

IIlI|IIllIlIIIIllllllllllllIIIIIIIIIIIIIIllI

6 27 28 29 3 31 32 33 34 3.

wu invariant mass [GeV/c?

Signal events: 1230 + 47
Sigma: 42.7 £ 1.5 (stat.) MeV
M,: 3.092 + 0.001 (stat.) GeV
S/B =5.4 (M,  2.50)

x2/ndof = 1.1
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CMS@LHC

Calo jets

% ' CMS profiminary 2010 -
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“Particle Flow”: reconstruct particle content




Pflow: Jet reconstruction follows naturally |
... and so are global quantities like E;MisS

PFJet 1 s

pt 41.5 GeV/c (ﬁw

N4

s

PEJelD i/

""""""""""""" pT375GeV/&\_¥/j

PFJet 3
pT 21.8 GeV/c (/\\

NGt
P-flow: MET (1.9 GeV)
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% CMS Preliminary 2009
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Prospects For Physics Run I

Physics Run 1 } “\\

//l

’l
7.. 0o

‘ 4

Multi Jet Event at 7 TeV




2008-2009: Cosmics + 900 GeV & 2.36 TeV collisions

1000

[y
o
o

Integrated Luminosity [fb-1]
WY
o

0.1

LHC Expectations

P. Jenni, Moriond 2010

7/ TeV 14 TeV

= < %

Ultimate sLHC
exploitation at
1000 fb-1/year

C\.
(=)
z .
— o (]
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Mike Lamont

CMS PTDR Prospective (30 fb-1@14 TeV) relevant in ~2015
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CMS Integrated Luminosity

CMS: Integrated Luminosity 2010

) — 0 -
) 18| —— Delivered 18.76 nb"" 7 TeV ~ 91% daFa_ taking
eE- c efficiency
- Recorded 17.09 nb™ m
e (contains effects of “pause
12— and resume” needed for
10F- timing & calibration scans)
=
6
ar-
2
: e j—— | 1 1 1 I 1 1 1 1 I 1 1 1 1

30/08 10:10 10/04 ‘14:l54 21/04 19:38 03/0500:22 14/0505:05 25/0509:49
Date

» Detailed timing and calibration studies performed on all detectors
* Preliminary analysis on physics objects
« Reached 1.5 102° Hz/cm? during 13x13 running end of May
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WW Measurements i

W/Z Measurements
Di-top Observation

W (& Z) Observation
Di-jets
Min. bias

1 pbl
Integrated Lur




EARLY PHYSICS RESU
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MINIMUM BIAS PHYSICS @ 7TeV
Trigger and selection

“Minimum bias” collision events are selected Single-diffractive

using signals from 4
BSC &Oo————4

Beam Pick-up Timing for Experiments Double-diffractive

(BPTX): two detectors at |75 m from interaction 4

point that measure the presence of the beam bk_a
Requirements:

Non-diffractive
Coincidence of BSC and BPTX on both sides

Request for a well reconstructed primary vertex

Rejection of events induced by beam halo and beam
background

Some analyses use only Non Single-Diffractive
(NSD) events

Selected requiring at least one tower with E > 3 GeV
in each side of HF

Hard scattering

Mario Galanti — University of Cyprus 07/06/10 / Page 10
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Transverse-momentum and pseudorapidity
distributions of
charged hadrons in pp collisions at sqrt(s) = 0.9
and 2.36 TeV
arXiv:1002.0621v2 [hep-ex] 8 Feb 2010

Transverse-momentum and pseudorapidity
distributions of
charged hadrons in pp collisions at sqgrt(s) = 7 TeV
arXiv:1005.3299v1 [hep-ex] 18 May 2010



~MS o
?é/ Measurement techniques

Three different measurement techniques applied

Number of clusters (hits) in the pixel detector

Track fragments (“tracklets”) obtained correlating two hits in the pixel
detector, compatible with the vertex

Fully reconstructed tracks /
0—0—0—
/ /
0—0-0—
/ /
—o0—o—o0— —o0—o—o0—
¥ #
Pixel hit counting Tracklets Tracks
p. > 30 MeV p, > 50 MeV p, > 100 MeV

Mario Galanti — University of Cyprus 07/06/10 / Page 12



>

~MS . o
ééf Pixel cluster counting

/

¥

20

'—I:.I‘IIYI

’II'II'I‘IIIYII'I‘I.'F

Clusters belonging to tracks Z g "evis
coming from the interaction point = B ,
are selected cutting on their size K
along z o [l v
S 12[ ..
Cluster length for tracks coming S qof e
. > > — |||[[ Blesmiss & o es e
from primary vertex is ~|sinh(n)| £ s lum.
—_ copronna[[rer e v s s
— o -
. I l]‘-“]]luun Peeacrae wrarans calead
Short clusters coming from R R e |
-— SO TLITR LAY bl [Drecvcnannnn]| (ATHI N 19 i) B
|oopers’ displaced decays’ 2 2"_-.--t1|||:|||[1(n:|m|[ [T e D0
. 2 g [0 010200106780 10280 [rcaeere et nIDIEOE Y 0 00¢
secondaries are removed £ olieitiiit vl
-3 -2 -1 0 1 2

Mario Galanti = University of Cyprus

07/06/10 / Page 13



—MS
?4/ Tracklets

—p—0—
———o—

o

Track fragments (tracklets) coming from
interaction point are selected exploiting the
strong correlation in N between their two
hits

Combinatorial background subtracted using
sideband technique

Signal region |A@|<I, |An|<O0.|
Sideband region | <|AQ|<2
Background flat in |AQ|

MC-based corrections for acceptance, weak
decays, secondaries, pixel efficiency, splitting

Fraction of tracklets

—
<

—

<
N
1

] T LI l T |

CMS -

e Data7TeV

— PYTHIA 7 TeV
==+ Primaries in MC -

—

—

Mario Galanti = University of Cyprus
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_MS
?4/ Tracks

The third method uses fully reconstructed
tracks in pixel and strip detectors

Tracking algorithm uses several iterative

steps {

Background reduced by selecting tracks /
00—
with at least 3 hits in pixel + strips /
compatible with primary vertex ,
This method gives the cleanest results, but *

Has the highest p_ threshold

Requires good knowledge of alignment and
beam-spot

Mario Galanti = University of Cyprus 07/06/10 / Page 15



Results: dN_ /dn

Left: results obtained with the three methods for NSD events

Compatible within the errors
Right: averaged results compared with ALICE and UAS

Systematic uncertainties mainly coming from trigger, event selection, reconstruction efficiencies (~5%)

T T T Ll T T T T I T T T ] T T l T
A(a)*'. | | s _ (b) NS
]
6~ + 4 1y pLos 1 6 & Flels .
' + ' ' | 7Tev ..
fr b4, i b IR L JVRUPCI AL
- 4o ° . - " 236 Tev TAmLaen
4 o & 4 i A i &y
o P g o LI I . A
F - rFRegendr i e T = il L
. 0.9 TeY
5 ©
| 09TeV 236TeV 7TeV
(] . Cluster comtlng 2
o = Trackiet | I T
: ) [ 4 ALICENSD
" A " Tracking u UAS NSD
0 | L 0 | 1 1 T el | 1
2 0 2 2 0 2
n M

Mario Galanti — University of Cyprus 07/06/10 / Page 16
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Results: p_

b, distribﬁlt‘ions fitted with Tsallis function (exp + lﬁbwer law)

3 2 —n
Ed Nen 1 EdNey _ C(n,T, m) Nen (l+ﬁ>

dp 2rtpy p dndpq dy nT
Loose depencence on N, so fit in the whole range possible
90 —— : SV R FreTpee
- (a) o 7Tev PP, NSD oM p— (b) cms

80F — Tsallis fit 3 w1004,

— - ’7"0’\0\\ § = 7 TeV pp, NSD

. 70 f}’ = 1 > 1 5 2.36 TeV pp, NSD

§> YT,Q\Q ;’;":ﬂmow |-:? S = 0.9 TeV pp, NSD

o 605w B PR S derat =2 10k — Tsallis fits

Q,., --._:----&_----B'- o’v-o-““-i’-rd-—-—o-oi nl=1.2 Q.’_

‘—"_ 50 ;*"_x9i°:"~3.., oo, —o o o =17 o "

= A e = S | R =
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o

Energy dependence

Dependen&: ~ In’s

Steep increase in dN_ /dn|

Similar to what is found by ALICE at the same energies

In|=0

with energy

Significantly higher than most event generator predictions

0.65

0.6

0.55

(p,) [GeVic]

J I ] ll T Tt ] LA i
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r =+ ISR inel. N
~ = UAINSD

- A E7T35NSD N
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First Measurement of Bose-Einstein
Correlations at sgrt(s)=0.9 and 2.36 TeV at

the LHC
arXiv:1005.3294v1 [hep-ex] 18 May 2010
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ose-Einstein Correlation (BEC)

Probability for identical bosons produced incoherently by a
source to have similar momenta is enhanced with respect to R=
uncorrelated case (reference)

BEC gives information on the size and shape of the primary source

R is expressed as a function of the pair Q-value: R

/ / 2
Q=+ —(p1—p2)> =/ mj,, — 4m;,
We parameterize R(Q) with a Lorentz-invariant form describing
the emission from a spherical region:

R(Q) = C[1+AQ(Qr)] - (1+6Q) .

Q is the Fourier transform of the x5
space distribution of the emission region, SeZ
whose effective size is given by r; i

A is a strength parameter and i > m

O allows for long-range correlations P, source

Mario Galanti — University of Cyprus 07/06/10 / Page 20
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cws, BEC — Signal and reference
= samples

In this study we considered 7 reference Signal
samples, considering pairs made with:

Transverse plane

I. Opposite-charge tracks

2. Opposite-charge tracks in whichonehasp  _________>Se¢&o ¢ Bean wxis
inverted T :

3. Same-charge tracks in which one has the p :

inverted :

4. Same-charge tracks in which one has p_ inverted Reference |

Same-charge tracks from different events (Opposite p) S

5. Random mixing
6. Event mixing based on similar dN_/dn distribution

|/ Transverse plane
———————-

7. Event mixing based on similar total invariant mass T A
e | ..
No golden reference. All are used and , ! A
results are combined o . 0
n'ZU :
|
Mario Galanti -~ University of Cyprus 07/06/10 / Page 21
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CMS

% BEC — Double ratios

The ratio R defined above shows a clear BEC signal at low Q
Monte Carlo simulates no BEC

The distribution R(Q) is distorted by resonances and long-range correlations at high Q

These are generally well reproduced by simulation dN /d Q
We use double ratios to remove these and other — g =
unwanted features from the R(Q) distribution R _ dN rqf/ do
Cross-check: if we form pairs with pion — non-pion RMC dN sig, MC/ dQ

candidates (identified with dE/dx in the tracker)

the BEC effect disappears dN ref.MC/ do

a T T T T T L o VWop—T T R BN BLELELE BLALALE BLELEC A R |
& CMS \'s =0.9 TeV £ ,.5? CMS \'s =0.9 TeV
Ret.: Opposite hem. same charge g +
& 14 . xn candidates
-t
1_3_l P ¢ xnon-x candidates
1.2 *

11

|

o“o.z‘ 06 1 94 e 18 2
Q (GeV)

Mario Galanti — University of Cyprus 07/06/10 / Page 22
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CMS

~~ BEC — Results

o=

Fits are performed with an exponential and a
Gaussian form for Q:

Q=exp —0r/|, .(2=expl:—Qr'32
Our data is well described by exponential fits,

while the Gaussian form is very disfavored
(bad fit p-value)

A single value for the BEC parameters can be
obtained by building a combined reference sample

(m=7):

§

_ dN _1dQ Zi_l dN; vl dO
comb ™ d]v”. | /d ' ]
sig, e 1dQ Zi_[ dN .1dQ

Results of the fit (combined sample):

Double ratio

Double ratio

1.5 3
1.4/ CMS \'s = 0.9 TeV 3
1.3 E
1.2 3
1.1 Excluded from fit E
1= R Acrtoming i O -'_'
1.5 3
1.4 CMS\s=236TeV =
1.3p E
1.2
1.1 Excluded from fit
1

0 02 04 06 08 1 12 14 16 1.8 2

Q(GeV)

A =0.625 + 0.02] (stat.) + 0.046 (syst.) and r = 1.59 £ 0.05 (stat.) £ 0.19 (syst.) fm at 0.9 TeV
A =0.663 £ 0.073 (stat.) £ 0.048 (syst.) and r = 1.99 + 0.18 (stat.) £ 0.24 (syst.) fm at 2.36 TeV
Main systematics source is the choice of the reference sample

........

Mario Galanti — University of Cyprus
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LC — Results (2)

The parameterséf BEC depend on the total charged
multiplicity in the event

. - . T Hees T ok Namda rev

The radius r increases significantly with N : == cfﬁ';:du Tev

. . : ‘ | a2z

The strenght A slightly decreases - BARKD £ 0.2

- ; MARKI Wy mix

. . . . o —— MARKI (/y 0.9

This effect is present in 0.9 TeV and in 2.36 TeV data U bm ! L amkn g

e HMARKNIGY \o=d. 1-6.7 GbV 0.,

CMS results consistent with previous measurements AP B ol homt =

P r—— mmqq{'s.zo GV mix

~ 14— T T T T = e : ; H 17}

125 CMS \s=0.9 TeV g e, " ,;‘;:g

= 6 1 = i—‘-.-i-‘-l i A'EYo.fz.

(3 i | —— A i

061 § § ¢ = i Com :0PAL

i E — e

0.2 j s Combined sxmpin = . | i ALE‘?H 0.8

4 L3 ALEPH mix

. 3,5:-' 2 Opposke hem. some charge ’ 1 = ":'" : :ZE::S’

3 { - or e

- 25 = gl EWC 0.5

2F i B - £WC mix

15F ' ¢ y H e : sscéckﬁ

1= 8 E HeH i DOCNC mix
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Rediscovering the
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1T T T 1T T T 1T | T T | T 7T | 1T T

NL-’ - CMS Preliminary 2010 | 24;_ CMS Preliminary 2010
%14:_ N8R TeV L,,0.0126 pb” _i 22;_ L= 16nb" Vs=7TeV
(D r —— Data ] 20—_
oo 12 O woev - m » Data
- C |:| QCD+v j . 18_—
“(L) 1 0 - [ others T N - .W—)uv
S - 1 S 18- aco
> 81— ] S 14 Other (EWK)
TS 1 914 L]
6 4 Sz
B 1 E 108
4 - S 05
N 1 w gk
2 E 6
0: +| T B : 4:_
0 20 40 60 80 100 120 140 160 -
M, (GeV/c?) 2
L 1 L Ll | L Ll
0 20 40 60 80 100 120 140 160
M, [GeV /c?]
Electron channel:
Total: 44 candidates, expected BG ~ 2 Muon channel:
events 40 candidates with Mt > 50 GeV With MT > 50 GeV: 57 events
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.| CMS Experiment at LHC, CERN
.| Run 133874, Event 21466935

-~ i Lumi section: 301

Sat Apr 24 2010, 05:19:21 CEST

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

W = e v candidate



CMS Experiment at LHC, CERN
Run 133875, Event 1228182
Lumi section: 16

Sat Apr 24 2010, 09:08:46 CEST

Muon p=38.7 GeV/c

MEr= 37.9 GeV I —— | E—
M= 75.3 GeV/c?

W = u v candidate



2
IIIIIII| IIIIIIII| IIIIIIII| IIIIIIII| IIIIIIII| IIIIIIII| IIIIIIII| 1

-
o

—_

Events / 3.0 GeV/c?
3 3 2

-
o
A

IIIII|IIIIIIIIIIIlllllllllllllllllllll

CMS Preliminary 2010 4 Data
\Vs=7TeVL,=0.0166 pb” I s ets
[ acp & v + Jets
® JJT -Z‘”T
.ti

|:|Z—->ee

0 20 40 60 80 100 120 140 160 180 200
M, [GeV/c?]

5 candidates in the peak region
Photon10 HLT required (10 GeV E: EM cluster)

Both electrons required to pass a loose simple cut based
electron Id and isolation selection

BG from PYTHIA, signal POWHEG rescaled to NLO cross
section

Normalization to integrated luminosity

Z boson

= N1 oS Preliminary 2010 -
) ;_ L,=16nb'\s=7 Tev_;
10'3;— :

0 20 40 60 80 100120 140160 180 200
m, , (GeV/c?)

. Muon Id criteria (global and tracker muon, impact

parameter, c2, number of hits, ...).

HLT pT single-muon threshold (L3): 9 GeV, |h| < 2.1
for at least one of the muons.

Muon pT > 20 GeV.

. Loose muon isolation: track-pT sum in a DR < 0.3 cone

must be less than 3 GeV.
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.| CMS Experiment at LHC, CERN
Run 133877, Event 28405693

“ | Lumi section: 387

Sat Apr 24 2010, 14:00:54 CEST

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

Z = e e candidate



CMS Experiment at LHC, CERN
Run 136087 Event 39967482
Lumi section: 314

Mon May 24 2010, 15:31:58 CEST
|----_

=~ Z = u u candidate

Muon p.= 27.3, 20.5 GeV/c
Inv. mass = 85.5 GeV/c?




Candidate Events

Top in the future

CMS Preliminary @ 20 pb™ CMS Preliminary 20 pb™’

IlIIIlllIIIIIIIIIIIIIIIIIIIIIIIIIIIIII—

i * Pseudo data 120[-_
60 B ttbar
[ SingleTop
W+ldets 100
i Bl Z+Jets
B VV+Jets
1 QCD

40 8ol h
i .QC +ets ]
60— W+ ets ]
L lsungle top s-ch ]

20 single top t-ch
i .smgle top tW-ch ]
40 tt+jets ]
0 = L ]
0 200 400 20 )

M3 [GeV/c?] %0 150 200 250 300 350 400 450 500
M3' (2) [GeV/c?]

Predictions for the near future, for the M3 the invariant mass of the three jets
is taken, which have the largest invariant transverse mass, for the M3’ a x2
method is used to fit the event topology more precisely in the jets selection
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CMS @ LHC Run I

SM Higgs Boson

. . . R 1
CMS Preliminary: projection for 7 TeV, 1 fb Mar 17 2010 2xCMS Preliminary: projection for 7 TeV, 1 fb™  Mar 172010

Hyy + HWW + HZZ

Hyy + HWW + HZZ

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

95% CL exclusion: 95% band
95% CL exclusion: mean (no sys)

= OgsoucL/Osm

—

o
1

I'= OgsocL/Osm

—

)

|

— 95% CL exclusion: mean
[ 95% CL exclusion: 68% band

95% CL exclusion: 95% band

——— — T T T ' : 95% CLlechuslion: mean (nq Sys) . :
100 120 140 160 180 200 200 400 600
Higgs mass, m [GeVic 7]

Higgs mass, m _ [GeV/c 7]

Exclusion regions that CMS can reach This plot is intended to indicate what ATLAS +
alone. The expected exclusion mass CMS combined sensitivity might be at 1fb1,
range is 145<m,; <190 GeV The expected exclusion mass range for the SM

Higgs is 140<m,<200 GeV
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CMS @ LHC Run I

MSSM Higgs Boso

CMS Preliminary: projection for 7 TeV, 1 fb™ Mar 22 2010

80

e N
c
(T
-~

70
60
50
40
30

, max, u=+200 GeV

bb®, ® - 1t [1,T) .4 TeThag TuTel

— 95% CL exclusion: mean
I 95% CL exclusion: 68% band

20

10 ‘; 95% CL exclusion: 95% band
“ExcludedbylEp - Scdiscovery 000
100 200 300 400 500

m, [GeV/c?]
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CMS @ LHCRun I
Supersymmetry

e.g. all-hadronic searches

0 | T 7 T T T T 7 T T T°T | T T 1T T 1 ~ o~ x| _

CMS preliminary BN CDF g4, 215, tanp=5, u<0
0 \s=7 TeV [ 1 D0 gg 21fb", tanB=3, p<0

» Hadronic search, 95% C.L. curves [ LEP2 ch

0 T=LSP  tang=10, A =0,:>0 [l LEP2 I
N g (1000)Gev — =

350 L=1000 pb' %o,
G@D

N O
a O
o O
K/
Q
G
-
D
<
‘II | IIII‘IIII‘IIII‘IIII

L1

o (500 %

0 100 200 300 400 500 600 700 800 900 1000
m, (GeV)
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CMS @ LHC Run I

P1¢El 1 Ll ' Ll Ll ] I L I 1 l 1 ' UL I LB I 1 l IE
9 [ CMS preliminary LA
> | Sodiscovery ]
‘®
0 10°F E
£ - :
E [ N
2 | ]
e 10°F E
B :
2 | _
£ | ]
10°F -« RS grav. (0.1) 3
. -»- RS grav. (0.05)
I T T T T BT

0.8 1 1.2 14 16 1.8 2 2.2
M (TeV/c?)

Background dominated by Drell-Yan

TeV Resonances

10*

10°

10°

107

e.g. di-lepton channels

PAS EXO-09-006 scaled to 7 TEV’J‘ L dt =500 pl:f1

» expected limit (5=1)

................... RS grav. (0.1)
--------- RS grav. (0.05)

"
.‘h

CMS preliminary

06 08 1 12 14 16 18 2 2.2
M (TeV/c?)
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FLAVOUR PHYSICS

Continuous Evolving Program

Z Reminder: p
. 2010: roughly 100pb ' of delivered integrated luminosity at * s = 7 TeV

~2011: roughly 1fb ' at P5 = 7Tev
- 10%cm 2% : roughly 30fb ' per year (at Ps - 14TeV)

Q
xS
7,{‘1"&:\ N\ &
A\ & N\ N
S ) i ‘\ ".x \l; ‘\ no .
& PIHE S0 R gt ¢/ b physics
° W\ SZE o b o
OQ ) -.Q c\“ (> P (’0‘\’\% 'oc\. \ \% o \%
< NS <Pk LA ?
| | | | | | | | | >
| | | 1 | I | | —
0.1 1 10 100 103 10* 105 106 107 [pb ]
i S 2 7R
40,.00 o@/@ N /(f + (/ ~ (/// P
% O RLs, L “o top physics
o T Y "
O(',/)
with many intermediate and/or improved results
Urs Langenegger Flavor physics with CMS: Status and Perspectives (2010/05/25) 3
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Bs --> mu+mu-
BY ! %4 : Search for New Physics
Z Decays highly suppressed in Standard Model (rtuso et al, 2008)

. effective FCNC, helicity suppression
. SM expectation:

B(BY 1 wu )
B(B 1 %% )

(3:86 §0:15) 4 10 °
(1:06 $0.04) 6 10 'O

. Cabibbo-enhancement (jV;sf > jViq4)) - wy’

of BY ! %*% over B® | %% ° "
only in MFV models teuld Tlv
7 Sensitivity to new physics s(d) I-

_ 2HDM: B / (tan p)*: my+; MSSM: B / (tan p)® Wi’
! Constraints on parameter regions
! ‘Measurement’ of tan p (ane, et al. ph/0310042)
Z Plus: ‘time-dependent’ physics program

. very early data: 3; K muon misid rates with b / %D°( K 3*)X

. early data: B* ! J= K*, BY | /= normalization/control sample
. some more data: B(B% ! %*% ) upper limit

. even more data: B(BY ! %*% ) measurement

Urs Langenegger Flavor physics with CMS: Status and Perspectives (2010/05/25) 18
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Bs --> mu+mu-

CMS-PAS-BPH-07-001

BY ! u*4 : Expected Performance
p_
t

ZWith1.0 fb = 14 TeV, expect to obtain at 90% C.L.

Signal yield ns = 2:36°)0°(stat)
Signal efficiency s = 0:023 §0:001(stat)
BG rejection ‘s = (7:82 §0:369) 410 9(stat)
BG: dimuons n?” = 254 *g’gég(stat)
1 ’

BG: muonsfake ng' = 25475l (stat) normalized to no.mal}yearsn et om

n®" "t = pd 4 )" = 5077 75(stat) ' eLHC
BG: rare nd = 1:45027%(total) . i

+ anare = 3 |

BR(B >4 1) (x107)

-

B(BY ! %% ) 16 010 8

|
\ ! ! l s ! ] i
0 i 2 k] 4 5

. Substantial improvement with respect to 2006 e tominatyears
no pile-up, p§ = 14 TeV
+ high-luminosity trigger, no tracker muons, cut-n-count analysis
Urs Langenegger Flavor physics with CMS: Status and Perspectives (2010/05/25) 21

30 evidence
|

72



CMS-PAS-TOP-08-002

LHC as a Top Factory
Z The LHC at £§Z|'4"Fe\kls\a top ‘factory’

Holpg( 1 )7 830pb N o \

-

. 100-fold ihcrease of cross section wrt Tevatron / t v‘wv"
(LHC at 10=/ Tevatron) I+
. 100-fold increase of (design) luminosity (%+ jets: 15%)
Z Decays . o .
. 2=3: t ! g’ CMS Preliminary @ 10pb” iEﬁZﬁ‘;’.ﬁ’aﬂ"’
. . [ [Tt (other)
. 11%’: t ! * 1; = el.’ 30 - =;v+tl":t?

Entries

Z Example analysis at ~ § = 14 TeV
. isolated muon p, > 30GeV
Jets with £7 > 65, 40 40, 40 GeV

128 signal events
90 background g

Sics . . . M3 [GeV/c?]
24

Flavor physics with CMS: Status and Perspectives (2010/05/25)

Urs Langenegger

73
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CERN/LHCC 2006-021

Top Flavor Physics: Rare Decays

Z FCNC top decays are an excellent area for BSM searches

Decay SM two-lliggs | SUSY with & | Exotic Quarks | Exper. Limits(95% CL)
t— gy B 107t ~ 1077 ~ 10~ ~ho 1078 = .29 (CDF+TH)
t—g 5107 107 ~ 107" ~ 107" < 0.0059 (11ERA)
t—Zg ~ 10" ~ 10" S I 10 < 014 (LEP-2)

Z Event selection
. 1 isolated high-p, lepton (p> > 20GeV) + 1 high- £7 photon (£7 > 50 GeV)

. exactly 1 bjet (E7r > 40GeV) + 1 non-bjet (Er > 50GeV)
. 150 < m 4, < 200GeV, cos(? 4, tsy) < 085

! efficiency " 3 2%
Branching fraction measurements at 5 /
=F o vl [ o T - L I e 1
o002 4 '?o.cozs:
& ) T g F
& 0.001 with /syst - & 0002
0.0008 [} 3
0.0006 |- -
0.0004 without /syst E
0.0002 . ]
L . ol . [ | o e 1 I .o . ol o
20 40 &0 an 100 20 40 &0 a0 100 1
Lifo™)

Lif™)

Urs Langenegger Flavor physics with CMS: Status and Perspectives (2010/05/25) 25
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« 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 to expectations within hours, and extensive
analyses performed within O(day)’s !

» The experiment currently runs in a “minimum bias” mode with LHC
collisions at ¥ s = 7 TeV ... and first EWK Boson candidates observed !

« With O(1 to 10) pb-1 expected by ICHEP 2010, a first major production
of physics results (EWK, top sector, QCD, ...) are expected

« Di-boson observation and first significant constraints (or hints) on the
SM Higgs boson are expected in 2010-2011

» The experiment has a some discovery reach beyond the SM already in
2010-2011 (e.g. scalar sector at high tan B, sparticles, TeV Resonances)

e The full analysis chain is in place and able to produce physics output as
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Parton Luminosities

1.0 ~r—rrrrr———r—rrrrr——r—r—r 1.0 —rr————y
[ ratios of parton luminosities : | ratios of parton luminosities
osl @ 10 TeV LHC and 14 TeVLHC 1 osl at7 TeV LHC and 10 TeV LHC
o L | o '
S 06 : © 06 -
a - b 4
o) ] o] .
£ 04 - g 0.4 .
5 . 5 .
0.2 - 0.2 F
[ MSTW2008NLO : [ MSTW2008NLO
00 " ...“12 i A .“.“13 " Al 00 ......12 N A ....“13

10 10
M, (GeV) M, (GeV)
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Parton Luminosities

WJS 2010

1000 —————r—r—rrrr

ratios of parton luminosities
at 7 TeV LHC and Tevatron

-
o
o

luminosity ratio

-t
o

3qq

MSTW2008NLO

1 " " 2 3 : 2 1
10’ 10° 10°
M, (GeV)
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The SM Higgs Boson and the LHC
Production Modes and Cross-sections

Q BUTTUTUUTU

Al ) HO Production
ion : t > H
g g fusion : o CTEQ6M, M,=175 GeV used for PTDR
g!:;’_l‘?_l:;;;l;j_q-ﬂ_.q-rlﬂ-'L IJJ t “]'Illllll'l'I"‘lllllllllllll|||l|l|ll|lll:
o(pp —»H+X) 107
_ —~— /s =14 TeV
q = .—P"f’. W'Z 10 e _7___1:);_7 mt = 175 Gev 106
TEQ4M
WW, ZZ fusion : 1:;]‘—’ H° —’-8—’ CIEe 5
W.Z -g ‘ ‘ ?10
Q —_——L ) =Hqg """ Toees o ]
" _qg—» HW : 310°
-~ Disfavoured ;
107 pira et al. gg,q0—=| |_ T '~-'-_.;::-:-‘;::‘-"‘*'-”f.“"'—i 102
0 QCD B iy v -
0-4 11111111111111111111111111111111111-‘1-_1'7-1'"1"{~.1|11
0 200 400 600 800 1000
My (GeV)

BSM Physics can change these in a
major way !!! (e.g. bbH in MSSM)

events for 10° pb-1
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The SM Higgs Boson at the LHC

Observability

A. Djouadi, hep-ph/0503172

MH < 140-150 GeV l: b

H— bb .
Dominant mode ... but crippling QCD .1}
background ... exploitable in ttH or VH
associated modes ? ¢ 4. G. salam et al.

H— tt- boosted H, “fat” jets o.01} ' ‘ H
Exploitable at low My in |/ BSM Physics can change these in a
The VBF production mode " i major way !l! (e.g. Tz, bb in MSSM) 1
H— yy 0.001 ~ 5l AN N ]
Complementary mode at low M,, via ppp—t
loop diagrams, low BR but excellent . (mm' Zy} NN, 1 .
Y/_]et (Y ID, v Iso., MYY) separation ' 100 130 160 200 " f((lﬂ - 500 700 1000
My |GeV
H—- WW®

My > 125-130 GeV | pominant mode, I*vl-v channel optimal for M, =2 M, .
lvaq’ channel exploitable at large MH or through VBF
H— ZZ(™)

Small BR but “"golden mode” for a discovery [+l I+ |-
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The Large Hadron Collider

e A broad band exploratory machine
e May need to study W -W, scattering at c.m. energy of ~ 1 TeV

Need E,, ~ 500 GeV = q ~ 1TeV = Vs, ;~ 14 TeV

e May need to study a Higgs boson physics ata M, ~ 0.8 TeV

Event rate = £ o Br
eg.H~0.8TeV;, H— ZZ — 4l

1

Events/year > 10 = (10/107) x 1/(1037 103) = L ~ 10%*cm2 s'1

.HC and Beyond workshop.
8-11"June 2010

82



Physics & The LHC Detectors J

The essential physics motivations back in 1989:

Electroweak Symmetry Breaking

e.g. SM Higgs < High Luminosity*, Vs ~14 TeV

v's or isolated leptons
* pile-up ! ... more than 20 min. bias events superimposed

Hierarchy of Fundamental Interactions
e.g. SUSY to stabilize the Higgs mass vs GUT/Planck scales
< multijets and missing P-

Unification and Extended Symmetries
e.g. Z'-like resonances at the TeV
< measurements at very high momentum

.HC and Beyond workshop.

8-117)Gn2 2010 83
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CRAFT

Solenoid Field MAP

2010 JINST 5 T03021

Precision modelling and
measurement of the B field
< Implemented in MC model

Wheel 0 ¥? / ndf 37.54/29
o (mm GeV) -0.92+0.05

Grey: 0.1% scale error

1 Extrapolation of track from inner
: tracker to first layer of barrel muon

TR RaE Y chamber < verity that B field inside
- solenoid known to < 1%o
cMS 2008_5
0B e0 70 80 90 100
P, [GeV/c]
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The CMS Si Tracker

Pixel detector and a Silicon microstrip tracker:

Outer Barrel -TOB-

End cap -TEC-

> 200 m?2 of Silicon !

SILICON u-STRIP
e Track measurement with best possible AP/P
and high efficiency from P ~ GeV/c to TeV/c
e Fine granularity (low occupency) for track isolation

PIXEL DETECTOR

e Provides seeds for the
particle tracks
e.g. Kalman Filter reco.

e Responsible for good
vertexing

e.g. Impact parameter or
DCA to interaction VTX

» Help determine Z
coordinates of events

suppresses pile-up;
Oyrx ~ 5 CM

 Event topology info.
for High Level Trigger

Volume =24 m* T°=~ -10°C
Dry atmosphere ... for years !
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CRAFT

Si Tracker: Alighement

2010 JINST 5 T03009

c x10°
- b N CRAFT
=1 i , i DMR RMS MC Ideal Modules
| — DATA combined meth. i 2008 2009 .: . :
f 500} mean= 0 um TIB - (um) relim alignment alignment >30 Hits
1) - RMS=82um i ] BPIX (x) 26 25|21 2.1 757/768
= — DATA global meth. E
— 400F  mean-oum ] BPIX (y) 40 40|25 2.4 757/768
o " RMS=83um ]
5 ; i FPIX (x) 13.1 13 ] 12.0 9.4 391/672
& 300k DATA local meth. ]
c i mean= 0 um i FPIX (y) 139 13 ] 11.6 9.3 391/672
S B RMS=88 um - 5
C 200: .......... DATA before allgn _— TIB (X) 2.5 o] 1.2 1.1 2623/2724
[ mean=-20 um ] TOB (x) 2.6 3114 1.1 5129/5208
: RMS=1008 um -
100 ] ] TID (x) 3.3 4124 1.6 807/816
ﬁ TEC (x) 7.4 8| 4.6 2.5 6318/6400
B L L L L | | | | I%—L L _

-500 -250 0 ?50 , 500
U bred Uit [um]

Use RMS of distribution of mean of residuals as a “measure”
of aIignment quaIity (insensitive to multiple scattering)

Alignement measured in CRAFT08 and confirmed in
CRAFTOg(insensitive to multiple scattering)
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2.8
2.7

CRAFT

SiI Tracker: Calibration

2010 JINST 5 T03008

) T 3
“{ | | CMS 2008 iR
~ ® Thick sensors Data :
3. *  Thin sensors Data -:
- | — Bichsel, 500 um :
= - - -- Bichsel, 320 um i
it i
_Ji d_._
-
L i
- g
S - s
- A 5
S ‘ e 333 ——
R 5 s
N
S R R R R R R R
2 3
1 10 10 10
p (GeV/c)

Relative Calibration:
most probable value of signal
adjusted to expected MIP

Absolute calibration:
extracted from ionization
curve adjusted to Landau-
Vavilov-Bischel function:
262 £ 3 e-/ADC count

Agrees with calibration pulse:
269 = 13 e-/ADC count obtained
with charge injection circuitry

S/N (peak mode)

TIB | TID [ TOB |TEC TEC thick
thin

25 |28 |32 27 32
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The CMS ECAL

PbWO4 crystals
Xo = 0.89 cm
Ry = 2.10 cm

- -
- -
- -
- -
- -
- P -
-7 - \.
- -

————————— 3.0 Endcap
Le==="""3"7 ECAL (EE)
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CRAFT

ECAL: Monitoring Response

1 .006 | T T T T I T T l T T T

ll]ll]lll]lllllllllllllllllllll]lllll

© (7)) T
Qo L 4 © 10°E =
@ - I - £ E =
Et CMS preliminary | s f CMS preliminary 1
© 1.004 — — © i . .
g 1 el ECAL Barrel stability
& - T . : -
< 1.002 — L — C N
- i ; 1 i i
Th R K i
0.998 — 1 1] (4 10 E
i 11 i - .
0.996 — P1 P2 P3| — 1;_ —:
IR A SR S S |
0 200 400 600 800 0 02 04 06 08 1 12 14 16 18 2
Time (hours) APD/PN RMS (%)
Response of typical channel RMS of normalized response in P2
APD response normalized to PN diode Spec. < 1 %o achieved
which monitors laser light
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T L | T T LI B B B |
1 1 IIIIIII 1 1 IIIIIII 1 J .

1 10
Ein EB [GeV]
10 __ L lIII 1 L 1 1 L Illl L L 1 1Ll III

1 10 10%
E in EE [GeV]l

CMS 2008 |

o(tity) = % e\2C

N=351+0.2ns
107k C = 0.020 + 0.004 ns
E - ¢%/ndf=173/169

! il L L Lol

10 10? 10°
Aeﬁ/csn

Time resolution vs Amplitude

ECAL: Timing Performance

L |
w
c
[
—_

E

Alt

1 5 T T T T I T T T T I

10

Oﬁ m=098+0.02 |

2010 JINST 5 T03011

b) M
CMS 2008

A(tm) =q+ MmA(t )

ex

q=-0.56+0.20 ns

o 5 10
At ) [ns]

Time difference A(t,,) between up
and down clusters vs expectation
from time-of-flight
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CRAFT

ECAL: p Stopping Power

2010 JINST 5 T03010 2010 JINST 5 P03007

Reminder:

« 4 SM (1700 channels each) have been calibrated with electrons

 Transferred to all 36 barrel SM by means of cosmic ray inter-calibration
<Typical single channel uncertainty of 1.5%

A~ |||I|||III||]II|I|III| L L IIIIIIIII LI LI
T 3 r CMS 2008 -
S CMS 2008 /W 104E () -
) ... Expected 68% 7 o B 7
>CD10 “7%  prob interval / i 8 i .
2 /e D 1021 .
= //. i g I . } { 1
Ve = N N

/\ /7‘/
4 7 S - by ¢ ¢ | -
o i ~ 9 ¢t i
v A 0.98- + .
s CollisionProcess aad! ]
e - ]
P 0.96 -
1 ’ _II I L1l I L1 1 ] | - I L1l I | I .| I 11l I L1 1 I | - I II_
1 10 102 40 30 20 -10 0 10 20 30 40
p (GeVic) Crystal 1) index
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The CMS Muon Detector -

T T T T T
1.2
P .
)%
1.6 _
o / Lg
/ p—
| — ]
‘ 21
1 ' o -
200 l l Iii”r 2.4
| l|=! ME /V'E4
100 - B —] MEz\ 31
- ME 1
G e CSC e
%9 200 400 600 800 1000 1200
YA
CRAFT 09' (cm)

 Barrel and Forward Resistive Plate Chambers (RPCs) fully functional
* 99% operational efficiency for CSC (MWPC with Cathode Strip Readout)

Hits precision with 50-220 um resolution
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CRA

I_—I- ]
Muon: Momentum Resolution

2010 JINST 5 1703022
\ \ standalone
/

E || T TTTT I 1 1 T T17TTTT I 1 1 T T17TTTT I 1

>

= —e— Tune P, data

tracker only 8 10" —
f = L[| -—-*--- Tune P, CRAFT simulation . /|
global a‘—)'_ : ---+--- Tune P, ideal simulation :
o .o d ,
o I A
MB1 S L —— i _

MB2 P
Iy_é MB3 T L 3 _

/ MB4 = T
—a—
| i ,‘_'.31:?:; i
el 1 @/pn)"™ — (q/pr) e
(Q/pT) — \/_ lower
2(q/pr)
Resolution Performance: e i
) CMS 2008 7
<10/0@<10 GeV/C 1 1 llllll 1 1 1 llllll 1 1 1 llllll 1
10 102 10°

8% @ 500 GeV/c p. (GeVic)
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