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Overview

After 20 years of R&D,
detector building,
commissioning and
preparation

LHC is up and running

CMS is in physics
commissioning mode

Detector performance is
according to design

First collision results




CcMS,

19 September 2008 (*)

(*) Picture released in December 2008 Details about the accident

M.Lamont, arXiv:0906.0347
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First collisions in CMS — Monday, 23 November 2009
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= ... but also to this
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First CMS results shown publicly at CERN — Thursday, 26 November 2009

See presentations by all experiments at
http://indico.cern.ch/conferenceDisplay.py?confld=74907



Prelude: CMS commissioning
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Silicon Microstrips
Si Pixels
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Length: 21.6 m
Diameter: 15 m
Weight: - ~14000 tons

Magnetic Field: 4 Tesla

HCAL
Plastic scintillator/brass

\ | MUON BARREL |
(20T 77 _ -
Drift Tube Resistive Plate Cathode Strip Chambers (CSC )

| Chambers ( DT ) Chambers ( RPC) Resistive Plate Chambers (RPC)
Muon: o/p;= 1% @ 50GeV to 5% @ 1TeV

o/E = 100%/VE + 0.05 GeV
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Compact Muon Solenoid

Nearly 411, hermetic redundant, Russian-doll design
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« Started May 2007 — few to 10 day “global runs” / month

* |Integrate the various CMS detector systems into DAQ
e Test the trigger (L1, HLT) systems (cosmics / random triggers)

« Exercise data transfer to Tier 0,1,2 , reconstruction, alignment and
calibration workflows

e Study readout synchronization and detector performance
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After almost 20 years from conception, design,
cefistruction and commissioning CMS became

a V\?.’E)ﬁ}q.ng experiment in September 08




y " First LHC beams in 2008 12

* Splash events HCAL energy

e Synchronization tests (4-9 Sep):
Beam (450 GeV, 4x10° p) hits
collimators 150m upstream of CMS

e Use to study occupancy, ECAL energ
synchronization and bad channels s N

e Beam halo events = !

e Circulating beams (Sep 10-11):
Beam protons interacting with beam
elements and gas

e Commission forward detectors

* But program cut short due
to the major fault in sector
34 of the LHC




Sept 08 to Oct 09 shutdown



Activities during shutdown 14

Continuous preparation while waiting for LHC
to get repaired (and beam)

Cosmics Runs At Four Tesla (aka CRAFT) and without field
Interleaved with detector improvement

Major detector accomplishments:

 |nstallation and commissioning of the
pre-shower ECAL (1.65<n<2.6)

 |Installation of one CASTOR calorimeter (5.2<n<6.6)
 |nstallation of overpressure protection

 Removal, repair and re-insertion of forward pixel system
e Revision of tracker cooling plant

Preparation for HI data taking



* CRAFTOS:

23 days from Oct.13 — Nov.11, 2008
* 270M cosmic triggers with B=3.8T

Followed by extensive detector work, then:

* CRAFTO9:

* 40 days from July 23 — Sept.1, 2009
* 320M cosmic triggers with B=3.8T

250

— Selection: DT + Strip Tracker, B = 3.8T
- Total Events: 270M
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= The Cosmic Runs At Four Tesla
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Commissioning the experiment
with magnet at operating field

Operate the experiment for an
extended period of time (4 weeks)

2008-0ct-20 04:52:41.749892 GMT: Run 66748, Event 8868341, LS 160, Orbit 166856666, BX 2633




Detector performance publications ! 16

23 CMS detector performance papers (500 pages!)
submitted to the Journal of Instrumentation
based on data from CRAFTO08 and 2008 beams

* Available on arXiv:
- http://arxiv.org/find/all/1/au:+CMS/0/1/0/all/0/1?skip=0&query_id=9f85c0e5eae277b4

* To appear in a single volume of JINST
Coverage.:

* Performance of all major detector systems, including trigger
— Reconstruction: Tuning and improved robustness

— Validation of software and computing workflows
* Precision mapping of magnetic field in the steel return yoke
* Performance of track and muon reconstruction algorithms

* Alignment and calibration
Feed back into realistic simulation


http://arxiv.org/find/all/1/au:+CMS/0/1/0/all/0/1?skip=0&query_id=9f85c0e5eae277b4

n
=]
L&)
o |
o

L[]

—-—- Bichsel, 320 um

Normalised VPT response

250

Selection: DT + Strip Tracker, B = 3.8T
Total Events: 270M

200

150

Events / Millions

100

day 10T T T T T
day 2
day 3|~
day 4 -
day5 |
day 6
day 7
day 8
day &
day 10 =
day 11
day12 |-
day 13
day 14
day 15
day 16
day 17 [~
day 18 -
day18 |-
day20 |
day 21
day 22
day 23
day 24

8000  -6000 4000 -2000 ] 2000 4000 6000 8000
063 Ham[mn] + SLM1 2
'y
a_ * = SLM2
e I\, AsLm3
-8067
. ) TR

T V% ONY

S wom /e \

N 8075 / d \
o) A\
o :’ ME-2 Ve
-B081 h

-5000 -G000  -2000  -2000 o 2000 2000 6000 5000
sy [mm]
i ==
2 A TPFMS
g_!;‘ | ¥ TMR -
2 o
§
=
4
.
et
e CMS 2008
’ ‘10 16; BT

p1,°(JGawc;

etector performance publications

10611 T 1T 7 15 . T ® 07 s
: cMS2008 ] = g [ver CMS 2008 FEMS s
3 N ] F F s
1051 | J = 506 i
. ° B=0T s 15 3t
C | = -
3 3 F Sosf
1.04F * B=3.8T 5 s ] 10 Sosf
£ ] E r hd
. L] - =
103F 3 O4E [ — Triggar oata
; 025_ . s, \ _ oL 0.35— ® Emulstor -
o . ] Alt) =+ malt,) ;
L ] 02f
1.01- 1 q=-0.56+0.20ns E
r b m=098+002 ] n.1'—_._|—'—|_._
1.00f 10 Cu A S e Wiy gy 0 * F
r ] E 1 ! I ! |
C i I 1 S H HO [T HL HH
0.99 _1‘0 _:5 6 é 0 5 10 Trigger quality Lol zf'
) 505500400200 0" 200400 600”500
Time (Hours) Alt,) [nsl 23 (cm)
—~ 2 ‘ ; ‘ ‘ ; E4:‘1-‘?”""""“IIIHC‘S‘Z‘I‘JD‘BI' P
E T 1 © [t ] F [ aligned
S [ — ] 't ——aar 1 -
2 18] —— Quser sze 1 cmMs 2008 Sasf ! A s i I unaligned
g [ ----- cluster size 2 [ ok H O0T:colicud = 0.00320.008 7 1 F --— tracker-only
2 16F -—- cluster size 3 i Nor + N BsC g
% B cluster size 1 ] B - ] o r i
5 r ] s N ]
2 1ap Z ot r ] 2 =wf e
T F > I ) s ] il [ 3]
- ] i S b P S - 3
F ] g [ * t‘* F) Ty ] g F 3
r ] 2 5 *+¥ Fa. 1 & ]
4 - g 2 . E ]
1 § L L 5 1 8 wf 7
E =S L W 1 F ]
] Sisf L ] sF 7
1 [ R ] r 1
06 r-:e H 1 T SN E
big, Cheiz "3%@ st Dt E’“: o - L ol s
Semy SO ony” = e, "ﬂgpc‘:’v o) 15 col( )1 %030 %0 20 10 0 10 20 30 40 50
(=}
aver € - : AK/(V2 K) (%)
1
o 15y 2908 E £ I T T - Em',..,....,.......................................:
o = . . - E —— All Noise 3
§ 30:...‘ R AR Raaas AR g‘IO i o1 %Liagrﬁ]medmnth. = i HPD Discharge
= F Ccms|2008 4 4 P RMS—195 um = — lon Feedback
E 20 1 = E  12[ .. DATA glabsl meth. - 10 I REX Noise
= E 1 = s 1 -
= F 3 put -
o 10 . Q B
2 E . 13 0.8 =
o o - z
g - ".‘,f'ﬂi‘—wd;ma = % 1 2 0.8 =
o F i v :
o -10f ] o] 04 < .
E ] d_,.....---’-" ' -
8 oof . LT 02 T Femsoooe
=1 E ] -
r | IETA RRRTIFRRTI RERTA FAAR A AR FARRI FRTRINATRANRAN]
§ 30F ] 1 -500 10°™100 200 300 4D0 500 600 700 B00 D00 1000
= tp ] 1 10 105 (GeVic) Trigger Towsr Hadronic Energy Threahald [GeV1
QL 3 Bl E' Ems 2008 M
~ LIV 2UU0 ik =N mevmez | ||
S5F L ) i £ + mazmes
o W E “ q 1. S |
Esf - 3 - .
& _F Wh-2MB1 X Wh-1 MB1 Who MB1 —B=3.8T 5 "
g= 3 3 I !
g 54; Sttty ,; 15 : 4
E saf 3 1.0 4
S _E Wh2mB2 3 Wh-1 MB2 Who MB2
ég 05
i o

5
0 (Gevie)



CMS

Alignment of tracker systems

Distributions of the means of

the residuals, barrel components

Much improved from the
survey accuracy of O(100um)

Close to ideal alignment even

before collisions
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= Tracking performance 19

* Efficiency and resolution measurements
* Tag a muon in the muon detectors and study the inner tracker (or vice versa)
* Split a cosmic track into 2 “legs” and compare them

* Silicon tracking efficiency

* 99.5% for muons passing completely through and detector
and close to the beamline

* Muon momentum resolution
e 1% for p,=10 GeV, increasing to 8% for p,~500 GeV
(should improve to 5% when detectors are perfectly aligned)
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™ MC studies: What to expect in 2010 20

 Re-evaluation of the CMS performance for the
2009/10 run assuming 10 TeV and 200-300 pb™

http://cms-physics.web.cern.ch/cms-physics/CMS_Physics Results.htm

e 2010 discovery potential — some highlights:

e W charge asymmetry: constrain PDF (100 pb™)

e SUSY & opposite-sign 2p: reach exp. limit (200 pb™)
* Leptoquarks in e/p + jet: 300-500 GeV (100 pb™)

e 4" generation b’ = tW: 500 GeV (300 pb™)

 Majorana neutrinos in 2£+2j: 150 GeV (200 pb™)
“The difference

e Large Extra dimensions in 2y: 2.5 TeV, n=4 (100 pb™) between theory
and real life is
small in theory
but large in life”
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> Detector understanding 21

e “Why should we believe that the simulation correctly
describes the detector performance?”

e Good gquestion!

» Tevatron experience: It takes a long time to commission &
understand collider experiments

« Accelerator, detector, trigger, background, underlying event,
software: very complicated, interconnected problems

e Claim:
« CRAFT experience has made a difference
« First data distributions agree well with simulations
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The
November 20 to December 16
revolution



The LHC start-up 2009

Injection Tests Oct.23-25 & Nov.7-9
Nov.20, 18:00, Start of 2009 beam circulation
* First beam 1 circulation by 20:40

* RF captured beam 1 for several
minutes by 21:50, 4 hours after start!

* Beam 2 captured by 0:10
Nov.23, First collisions at 900 GeV

e 13:30, both beams in, evidence for collisions
at ATLAS (P1), LHCb, and ALICE

e 19:00, Second attempt for CMS (P5), tuning,
collisions seen! About 30min.

Dec.6, First physics fills

* 5:00, collisions, 4 proton bunches/beam, ~4 hours
Dec.8, Acceleration

e 21:44: both beams ramped to 1.18 TeV each
Dec.11, Higher proton intensities (7E10)

e Starting to accumulate luminosity at 900 GeV
Dec.14, Collisions at 2.36 TeV

* 4:00: about 2 hours of highest energy pp collisions

e 21:00: still higher intensity 900 GeV collisions (16
bunches, 1.8E11)

HC Pagel Fill: 908.0 E: 450 GeV 11-12-2009 08:55:03
BEAM SETUP: STABLE BEAMS
450 Gev [ERIGESENN 3.60e+10 [NRICENEM 5.1ie+10




The trigger

Find events “of this kind” In
collisions at up to 40 Mhz

“The trigger does

not determine which
physics model is right,
only which physics
model is left”



= The CMS trigger system

o Level-1:
hardware trigger

» Reduce from
40Mhz to 100Khz

* High-level trigger:
software trigger

« Parallel readout
(up to 16 slices)

* Has logical steps
(L2, L3) BU=Builder Unit

FU=Filter Uni
e Reduce to O(100) Hz rer =t



CMS

* Mainly, calorimeter and
muon detector based

e Electron, Muon,
jet and MET objects

Tracker not included

40 MHz pipeline

 No L1 possibility of

displaced track trigger

e Limits enrichment of
hadronically decaying
heavy-flavors

e Track trigger upgrade
planned

« Additionally, triggers for
min.bias physics

The Level-1 trigger

il 26
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2 The High Level Trigger N 27

e HLT Level-2

Readout Readout Readout Readout || . . » || Readout
» Unpack muon, ecal, hcal data
e Based on L1 seeds perform _, EventEurer Nerwork
local reconstruction (- N

e Apply L2 algorithms and filter
e HLT Level-3

« Unpack tracker locally
(mostly pixel)

Storage Manager

- Perform local reconstruction i Transfer from
P5 to CERN
based on L2 results
: Tier-0:
° A_\pply L3 algorithms and Prompt reconstruction
filters Calibration streams
Archival copy of data
 Send accepted events to Distribution to Tier-1

permanent storage at Tier-0
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= The 2009 trigger strategy | 28

e Adapt to rapidly changing conditions
 Beam “splashes” and circulating beam

« Two (unstable) beams with magnetic field off

* Two (stable) beams with magnetic field
(and tracker) on

* Write out as many events as possible

Do not unnecessarily reject events

e Capture as many bunches with protons as possible
- Rate from 11 to 88 kHz

e Capture all events with any detector activity
- Rate up to 600 Hz
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The CMS trigger @ 0.9 and 2.36 TeVll 29

- Trigger Rate for MB: 0.5 — 15 Hz

e The early collisions menu - Efficiency > 90%

Zero-bias (ie. filled bunch coincidence),
beam-gas (unpaired filled bunch): PRESCALED

Suite of minimum bias triggers: UNPRESCALED

- Based on beam scintillators, HCAL, ECAL, pixels
“L1 activity”

- Accept any event for which L1 has fired within =2 bunch crossings of
filled bunch coincidence signal

“HLT activity”

- Accept any event for where HLT finds detector activity > noise

- Catch events which L1 may have missed
(synchronization or other rare problem)

Disable HLT with a L3 (ie. tracking component)
- Not really exercised with CRAFT data



30
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Trlgger has accepted

« CMS will analyze

* 900 GeV (~350K min.bias events or ~10ub?)
 2.36 TeV (20K min.bias events or < 1ub™)



First collisions — 23 Nov

cmsShow: {+} astor/cern.ch/cms/store/temp/express/BeamCommissioning09/ExpressF 5ics,

File Edit %iew ‘Window Help

Mon Moy 23 19:20:55 2003 CEST
Event Filtering is OFF Lumi block id: 25

Electrons

Wertices
DOT-segments
CSC-segments
FPhaotons

MET

sistripClusters =




CMS Experiment at the LHC, CERN

Date Recorded: 2009-12-14 04:21:03 CEST
Run/Event: 124120/542515

Candidate multijet event at 2.36 TeV

=

PFJet 2 of 24.2 GeV

3 PFlow jets pT > 10 GeV
pT cut on tracks displayed > 0.4 GeV




Detector performanc

Calorimetry

Tracking Particle-Id

Particle
flow(*)

| e

*) See http://indico.cern.ch/conferenceDisplay.py?confld=76398
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CMS preliminary 2009, 900 GeV data
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Data and MC (uncorrected)

Identical S/B, mass and width similar Using out-of-the-box

_ | MC corrections
Mass is low in both mostly due to the

readout threshold (100 MeV/crystal)
and conversions
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Data Simulation
_||||||||||||||||||||||||||||||||||_ :III|||||||||||||||||||||||||||||||:
% 350E CMS preliminary 900 GeV Data- % 800 CMS preliminary 900 GeV MC —
8 300;_ M= 0.4890 + 0.0080 = g 700;— M= 0.5099 + 0.0067 _;

o C o= 0.0529 + 0.0088 N - o= 0.0686 = 0.0091

- N =295+49 : 2000 Ny, =812+ 105 E
W S/B,,=032+005 1  1w0-  §/B,, =0.26+0.03 -
e R n T ot AT
Invariant Mass of Photon Pairs (GeV) len%grighﬁt I\ﬁéass t1:Jf Fgﬁotc;ﬁ‘tP;i'rss (1G89V)2

e Mass and width compatible with MC

* N yield scale as expected (T candle)

2 N(n)/N(m°) = 0.020 +£ 0.003 DATA (left)
s N(n)/N(m°) =0.021 £ 0.003 MC (right)
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> Calorimetry: Missing E-
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dE/dx (MeV/cm)

Tracking: dE/dx as particle ID

Im3

|_.'-|_||||| TTT T[T T T T T T T T T T T T T ITT T I T I TT T T T ITTT]
.".'n.. ) —— Fit to reference Data

Extrapolation

b 5 [K=2.547+0.011 MeV/cm
= . | €=2.715£0.014 MeV/em

CMS Preliminary 2009—
Vs=900GeV -

.-.I " '
III|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII

DD

05115 225 3354455

P (GeVic)

1

dE/dx distribution can be
fitted for various particles

2
M
dx D

Use reference data for
protons (red line)

Extrapolate behaviour for
kaons and protons at higher
momentum (black lines)

Calculating mass by using
dE/dx and p, and inverting
formula



" Tracking: dE/dx as particle ID 1 38

Tracks with

EI I'LHI | IPIrIE;inLIiIr:alryl Izlnllﬂllgl T TT | T TTT | II [l | T TTT T TTT T IE . P < 2 Gev/c
600~ —— 900 GeV MC + ! . - # Silicon Strip hits > 10
C i *|d0| <2 cm, dz < 15 cm
: —&— 900 GeV data :
500 . | .
B | _
400F —~
300 =
: ; : Protons and kaons
200 ' < nicely separated
; ¢ | :
‘IDO:— 4 .
" | W il | | | .
83 0.4 05 06 07 08 09 1 11 12 13

Mass from dE/dX (GeVic2)

Mass distribution of particles with dE/dx>4.15 MeV/cm
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CMS Preliminary /\ CMS Preliminary
900 GeV pp collisions 900 GeV Monte Carlo
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0 =(2.93 £ 0.08) MeV/c2 to reduce background o0 = 2.6 MeV/c2
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= Tracking: Resonances

P—-K'K

CMS Preliminary: 900 GeV pp collisions
1318 + 95 @candidates

M = (1.01937 £ 0.00030) GeV/c2

o = (1.69 £ 0.50) MeV/c2

I': fixed at PDG2009 value (4.260 MeV/c2)

CMS Preliminary: 900 GeV Monte Carlo
M = (1.01935%£ 0.00016) GeV/c2

o =(1.64 + 0.23) MeV/c2

I': fixed at PDG2001 value (4.458 MeV/c2)
[used to generate Monte Carlo sample]
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Fit: Gaussian convoluted with Breit-Wigner
Uses dE/dx information to reduce background
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Some of these analyses are being prepared for upcoming winter conferences!



First CMS physics paper

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

The CMS Collaboration

Abstract

Measurements of inclusive charged-hadron transverse-momentum and pseudorapid-
ity 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 LTHC commissioning in
December 2009. For nnn%mgle{llffrax_m e interactions, the average charged-hadron
transverse momentum is measured to be kbbbt (cV/C at
0.9 TeV and Sk cV/c at 2.36 TeV for pseudorapidi-
ties between -24 and +2.4. At these energies, the measured pseudorapidity den-
sities in the central region, d N, /di]| || c05, are e < ) and
—————; | .), respectively. The results at 0.9 TeV are in agree-

ment with previous measurements and confirm the expectation of near equal bulk
hadron production between pp and pp collisions. The results at 2.36 TeV represent
the highest-energy measurements at a particle collider to date.

To be submitted soon ...
(arXiv:1002.0621v1l [hep-ex])
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“It was the first light that shone

which our hopes depended on.

We were alone, in a crowded city,

trying to measure multiplicity...

It was not longer than an instant

two hills appeared, far but not distant.
How high the hill, not previously heard,
pixels, tracklets, tracks, all the same word!
However; early light casts long shadows;
as comments pile up the analyst bows.
In the end no one failed,;

but it was 'patience' that prevailed.

I know it would be such a pity;

if we couldn't master low pt.”

Yetkin Yilmaz, MIT grad. student



CcMS,

Minimum bias at LHC

 Traditionally defined as
Non-Single Diffractive events:

EPJ C 50, 435 (2007)

10

_.?:'I_ PYTHIAG.Z14 - ATLAS ll,.ll‘ll
- e PYTHIAGZ14 - GOF Lune A IIII.
— 1‘?% PHOJET1.12 /
0ot = U elas T O T 0 44 v 04 &
\_Y_I E
NSD d
* Large model dependence on LHC i
expectations / predictions based ; (=5
on lower energy data
0 F] i 4 -
* Need to understand properties of W 2 Y g

Inelastic events as they will be
background due to pileup at higher
luminosities

e Heavy-ion reference data




= Analysis methods

* Three independent analyses techniques:
« Use only cluster hits in pixel detectors

» Use “primitive” tracks (“tracklets”) formed by
correlating hits in two layers of the pixel
detector projected to the vertex

» Use fully reconstructed tracks

* All methods have been evaluated with MC
simulations for various pp energies and
generators before data taking started

(45

CMS/LQCD—08—004
# pixel-counting

CMS-QCD-09-002

Tracklets

CMS-QCDA7-001




« Use combination of triggers

» Zero Bias (ZB), ZB+track at HLT,

beam scintillators, forward

calorimeters

* Use data from unpaired bunches
to estimate background

 PYTHIA and PHOJET for NSD cor.

" Selection efficiency

* Fraction of SD events leaking into

SD sample: ~6%

« Dominant source of the
systematic uncertainty: ~3%

= Triggering & event selection

?EIIIENII 46

0 L l

— PYTHIA 0.9 TeV

----- PYTHIA 2.36 TeV |
« PHOJET 0.9 TeV |
< PHOJET 2.36 TeV

0 10

20

30

40 50 60

Charged-particle multiplicity

PYTHIA PHOJET
Energy 0.9 TeV 2.36 TeV 0.9 TeV 2.36 TeV
Frac. Sel. Eff. | Frac. Sel. Eff. || FXc. Sel. Eff. | Frac. Sel. Eff.
SD 225% 16.1% | 21.0% 21.8% 18.9%  20.1% | 16.2%  25.1%
DD 12.3%  35.0% | 12.8% 33.8% 84%  53.8% 7.3% 50.0%
ND 65.2%  95.2% | 66.2%  96.4% 72.7%  94.7% | 76.5%  96.5%
NSD 77.5%  85.6% | 79.0%  86.2% 81.1%  90.5% | 83.8% 92.4%




Transverse momentum distributions | 47
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Systematic errors (not shown) amount to about 4%
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Pseudorapidity distributions
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N Summary Ml 50

« The CMS detector is working beautifully

 |ts performance is according to design
 |ts behavior is reproduced by Monte Carlo simulations

e Our level of understanding in this early phase
of commissioning is very advanced

e The first CMS physics paper will soon be submitted

e The highest collider energy ever, combined with the expected
integrated luminosity puts us in the best position for new
discoveries as early as the end of this year

« CMS continuous to be ready, and eager, for LHC beam.
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Epilogue



Resume operations in Feb 2010
with operations at 3.5 TeV beam
energy

* Deemed safe with remaining
anomalous resistance in some
splices between magnets

Possible step up to 4 or 5 TeV beam
energy after ~3 months, requiring
one month to reestablish physics,
and running another 4-5 months

Heavy ion run for ~1 month at end

LHC plan is being discussed together
with experiment's representatives at
the Charmonix meeting

http://indico.cern.ch/conferenceOtherViews.py?
view=standard&confld=67839
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" “Reading tea leaves”: Higgs ! 53

Equivalent 10 TeV Lumi vs. Time for Top/Higgs
1 month stop at month 5

10000.00 —e— 7 TeV continuous
A
g_ 1000.00 —=— 8 TeV after stop
—
L
g 9 TeV after stop
S 100.00
o —m— 10 TeV after stop
£
- 10.00 Top xsec @ 25%

1.00 - Higgs Limits, mass > 150

0 4 8 12 16
time (months)

* Energy increase and a long run would favor getting to
competitive Higgs limits

* Clearly, safety of the machine has top priority



Reference data for HI run?

 Relevant cms energy per nuc.pair is
2.75 for 7 TeV and 4 for 10 TeV pp

Interpolate for reference data from
existing measurements at lower energy
to the energies reached in pp at LHC

|s CDF data usable?

« Either incompatible with
PQCD or has a serious exp. flaw

Better cross check and measure
ourselves If we get a chance for it

WIin-win situation

d’s / p dp dydo [mb/(GeV¥c?)]

Uncertainty %

A word about 2.x TeV runs at LHC " 54

PRD 79, 112005 (2009)
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Forward capabilities at P-
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2z Beam splash events

170TeV
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p Beam halo events ' 59

Beam Halo: muons Muons go almost parallel to the beam:

outside of beam-pipe, A perfect X-ray of the muon Endcap
arising from decays of
pions created when off
axis protons scrape
collimators or other
beamline elements

| beam halo data 12-Sep-2008 |
100

combination of
* beam halo
e COSMIC rays

40

20

PR ST PSRN R

L ndl i anllonna [L[HA
% 01 02 03 04 05 06

0.7 0.8 0.9 1
angle w.r.t. normal (radians)

Reconstructed track angle wrt transverse plane CSC alignment improved:
0.27 ym in ro plane

0.35 umin @,

(=]



Beam halo events

r¢ alignment minus PG (mm)

¢, alignment

T T T T r¢l' allgnment 12 : : F— Entries 35
& E“"'ES ) Mean  0.0158

g DMods) L RMS  0.4249

RMS 03423 | 10 (idaiio 0

Underflow 0 I o

Overflow D B Evefﬁlﬂwr 0
[Before alignment | o [ Before alignment |
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0 alignment minus PG mrad)

Alignment done using tracks passing
through two overlapping chambers
Relative position determined by
requiring consistency between track
segments (and within a ring)

Accuracy achieved:
270 pm in ro plane
0.35 mrad in ¢_

Initial alignment goal
reached in 9 min of
LHC beam!



,, Beam halo events
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Cosmic'muon-event

MUON

“ S TRACKER

Di-muon trigger: t¢
bottom coincideng
> .2

stations/segment

Great data to enhance
detector and software quality

e Equivalent > 10 pb*

~25 papers in preparation
(to be submitted by end of
Sept 09)

# events
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«10° CRAFT B=3.8T
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s 290 M events
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N

0

13t Oct 7 Nov

400 TB of data distributed

Data taking efficiency of 70% (24/7)
87% have a muon track

3% muon track with tracker hits

30.000 events have track with pixel hits



Tracker alignment
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Tag-and-Probe method:

e Tag : Standalone upper muons pointing to the
tracker near the origin (LHC-like tracks)

* Probe : Tracker muons

w 1.01

£>99%
1;*,.% P “rfifwfwf Jf % Achieved high tracking
reconstruction efficiency
! demonstrated using
[ cosmic muons:

0.98

* Strip Tracker

* TOB: 98%

* TIB/TID: 96.6%
i * TEC+:99.2%
0.96 -o- Cosmics MC e TEC-:97.8 %

—e— Cosmics Data

0.97

- * Pixels
1 1 |||||||||| |||||||||| |||||||||| |
095" 20 30 40 50 60 70 80 90 100 » Barrel: 99.1%
P [GeV/c]

* Forward: 94.0%



p. ECAL response to muons

Validate calibration: Measure energy deposition vS muon momentum

—
=

e Expe menta|data\,5 I

dE/pdx (MeV cm’/g)

Collision 1055/

1 A R R Lo L

1 10 10 p (GeV/c)

momentum p measured the tracker
dE: energy from ECAL cluster, measured in the ECAL lower half

dx: is the length traversed in ECAL crystals
dE/pdx energy deposit matched to the track corrected for muon path length

Tracker momentum matches well with ECAL energy loss,
energy scale is correct



HCAL response to muons

T oS N 1L R S S A O O -
e s R 102}

HB Energy (GeV)

10F

==

w
PRSI | RS I TR SN R R

N
o't

30 40 100 200 300
Muon Momentum (GeV/c)

HCAL barrel energy:
signal corrected for muon path length in HCAL

[AMS  3.91

HCAL Test Beam 2006
Pu: 150 GeV/c

1 150 GeV/c in HB |y Mean 279

Mean signal = 2.8 GeV

10131 1 P Y e

0

20 40 60 80 100 120 140
E,*sin(6) [GeV]

Good agreement of CRAFT response with MC

and test beam results



Subdetector

Csc

RPC endcap

RPC barrel

DRIFT tubes

ZDC

HF |
HCAL Outer
HCALEndcap )
HCAL barrel

Preshower

ECAL endcap

ECAL barrel

TEC-

TEC+

TOB

Tib/TID

Endcap Pixel

Barrel Pixel

9

Detector status during CRA

Operational Fractions

Average CRAFTO09
data-taking efficiency: 71%
Without service disruptions: > 80%

Strips: 98.1%
Pixels: 98.5%

Strip Tracker Status Map:

1 control ring

5% 96% 97% 98% 99% 100%

1 cooling loop




Beam splash 2009

Nov.7-9, 2009 injection tests

CMZ Experiment, CERN

Data taken 2009-Mow-07 22:33:21.788118 cuf -
RPC muon -

Run_ne 120020

hitS are In Event no 1994

Lumi sec 195
Orbit 203852201

ye”OW, and Crossm 100
CSC muon http://iguana.cern.chi/ispy
hits are in

ECAL energy deposits
N , HCAL energy
deposits in blue (light
blue for HF and HO)




EB observed energy,TeV

CMS

e 0O(1000) splash events in a wide range

of beam intensity

e Good linear correlation between ECAL

and HCAL measured energies

 Responce in EndCap+ lower than EndCap-
to particle losses from material in CMS

| CMS preliminary

Barrel

. . | , | | |
2000 3000
HB observed energy,

o
1000

-

EEP observed energy,TeV

EEM observed energy,TeV

®  ECAL vs HCAL observed energy ¥ 69

[ CMS preliminary

D o
o o
LI B B

I
1)
|

20

EndCap+

A
500

- CMS preliminary

1000 '
HEP observed energy,

EndCap-

N R
500

L1
1000

1500 2000
HEM observed energy

O(1M) muons per event = 1000’s of TeV/event!



CMS

70

= Synchronization HCAL
Splash09 - Before Splash09: After
Run 120015 HB individual tower timing (ns) - LDC L o] | Run 2185 HB invidul tower tming . H timing .
Tes e Tles
e |- Mean 23516 = |- Mean 17.21
:HCAL Barrel: RMS 1917 = HCAL Barrel: RMS 1.221
"ERMS= 1.9 ns g %E RMS= 1.2 ns S
o0 T i e Constant 3932 149
ol Mean 02403 +0.0056 mECorrections glm 09913?&16 5&2@
_ 8 75440, E . 2988 1 0,
- BRI =hecked with
e 1500 —
= =new splash
m 1000 F—
e wcevents
QSIIII-#II. -SIIIIOIII 5llllﬁll Ii 00: Iﬁlllllﬁlll 15llllm IIIILIIII
Run 120015: HE individual tower iming {ns) : HE timing Run 121993: HE individual tower timing (ns) HE timing
Entries 126494 = Entries 132191
C Mean £.5314 = . M 18.17
w-HCAL Endcap: RMS 2291 mz:HCAL Endcap: s 1.398
wERMS= 2.3 ns ﬁ,ﬂdf I 3m;JD\MS= 1.4 ns maf 061280
- Constant 42591 16.2 e Constant 3780+ 143
e Mean 07762 0.0054 e Mean 1826+ 000
m: Sigma LitEL 0 = Sigma 1,058 0003
- 1500
0 Z_ 1000 g—
C 50 E—
qSIIII-#II 3 ] 5 IITlllli 00: Iﬁlllllﬁll 3 IIILIIII

Similar timing improvements were achieved in ECAL Endcap and Preshower



The LHC start-up 2009

First collisions on
Nov.23 at 900 GeV

e ~0.1 Hz collisions
e L~ few 10%* cm-2st

In Dec, collisions at
900 and 2236 GeV

e ~10 Hz collisions
e L~ few 10%6cm=s?

Ultimately, the LHC
program should give

e 14 TeV
e 10° Hz collisions
e L ~10%cm-3st

/L
=

=
o

G (proton - proton)

1 nk

1 pk

i 71

CERM i LHf
1 1 1 T ;.
Gt{}t E7F10 | il 109
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8 3:_ CMS preliminary 900 GeV Data_
8 250 E
o C
o B M= 0.11622 + 0.00021 ]
- 2K = 0.01519 + 0.00022 _
8 f .
c
Q15
L
1§
: N,;, = 14967 + 224
0.5
- S/B,, =1.26+0.02
IIII|IIII|IIII|IIII|IIII|IIII|IIII| IIIIIIII
[POS 0.1 0.15 0.2 0.25 0.3 0.35 04 045 05

Calorimetry: mo—-yy

Invariant Mass of Photon Pairs (GeV)

Events / 0.005 GeV

10° Simulation
" CHS iy 08 G
?_ |
61— M= 0.11672+ 0.00011 E
o= 0.01333 +0.00012

o

3E- :
2 N, = 37639+ 325 -
1_ SIBJG‘133+001 —

Invariant Mass of Photon Pairs (GeV)

 Mass uncorrected for effects of the readout threshold of
ECAL that had to be lowered, and material effects

* Data will be used to inter-calibrate the ECAL crystals,

precision expected is O(1%)



CcMS,

Entries/.002 GeV/c?

Tracking: Resonances

CMS Preliminary

900 GeV pp collisions

M = (497.58 + 0.07) MeV/c2
ol =(4.74 £ 0.16) MeV/c2
02 = (11.57 £ 0.57) MeV/c2

©c o o © =~ =
N S (o)} oo - N e
LI | LI | LI | LI | LI | T 1 | T T 1 | LI

o

X

—

o
w

CMS Preliminary

900 GeV pp collisions

. SN T N T T A A N N A A A A A A A AR

0.4 0.6 0.7

m*n invariant mass (GeV/c?)

KO

Entries/.002 GeV/c?

CMS Preliminary

900 GeV Monte Carlo
M = 497.97 MeV/c2
ol =4.4 MeV/c2 ,

02 =10.4 MeV/c2

x10°

g CMS Preliminary

= : 900 GeV Monte Carlo

:I | I | jg\\ | | | —[ | | | | I | I:
0.4 0.5 0.6 0.7

m*n invariant mass (GeV/c?)

Double Gaussian Fits (From a sample of ~240k minimum bias events)




CorrCaloJet

Forward jets

B<In|<5)

L

(5.2 < |n| < 6.6)

(Inl >8.1)

» Single inclusive forward jet spectrum with 1 pb+?
« Jets reconstructable in HF from p; ~ 35 GeV

* Very good (better than at mid-rapidities) energy and
position resolutions (due to large forward boost)

« Main systematic source from jet energy scale (JES)

—

Jet energy resolution in HF

035 T

Jet p, resolution (HF), 3.<[n|<5.

= |Cone (R=0.5): a=2.70 GeV, b =0.41 GeV, ¢ = 0.11

o
3

SISCone (R=0.5): a = 3.13 GeV, b=0.33 GeV', ¢ = 0.12

4+ Kk (D=0.4):a=3.10 GeV, b=0.52 GeVv"", c = 0.11

CMS Preliminary

'S
IIII|IIII|I II|IIII|IIII|IIII|IIII

Covo by by by v by by by by by g La g 1y
0 40 60 80 100 120 140 160 180 200 220
pSenet[GeV/c]

With improved JES,
possible to constrain
low-x gluon density

(74

T M0 E
n"g E pp —jet+X,3< <5
= 3105_— SiSCone, R=0.5
—= E — Unsmeared CorrCaloJets (CTEQSL)
[=l=] -
“o|lg, g5k — — fastNLO (CTEQEM)
-~ F —— fastNLO (MRSTO3
o F E\LH { )
ol Al
;-_; 10 3 SN
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E >
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Forward jets relative yields:

[o(CorrCaloJet)/a{fastNLO MRST03)]-1
[o(CorrCaloJet)/a(fastNLO CTEQEM)]-1
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1 jet/s

CMS as a HI experiment

2:1;:
(|

=5

ArJ = 10 for Calorimetry

»An =5 for Si tracker

I I EZT[

Pixels+Tracker

« Large (mid-rapidity) acceptance
(tracker and calorimetry)

« Also large forward coverage

« DAQ+HLT capable to inspect
every single Pb+Pb event

e Large statistics for rare probes



* Expectations for Pb+Pb run in 20101 76

A 403_ PHOBOS preliminary
5 -
=" 300 0.3 _|
N C Models for LHC _
+ 20° _ X —
E: - _ ;Lﬂan.z— cu+c “.# ' _
—° 10 Models prior to RHIC = ::.:N 1
© C I —— i
OF smmr oy @@ P 0.1~ e
10 10° 10°
\[Syy (GeV) LHC LHC
1 day: Multiplicity — Initial densi ks 2 % "
l AUAUI@V;;;ZO;,(I;;\I,,lpHEN.xm ~1 week: Does v, saturate?
: SPS @ PbPb @\(s—NN =5.5TeV,CMS MC :
é 1 ? ...................................................... GLVng,dyzooomoo..; | |
e, R * == éﬁ% : Once we have these qualitative
* '**MHT I gan answers: Perform program of
10t PGM: @ =30 - 80 GeV¥im 3 precision measurements of
i TN ] medium properties
1 10

P, (GeV/c)

~1 month: Is the medium black?



Multiplicity and flow
measurements

characterize density,
path length

“ Example study: Photon-tagged jet FE 77

Jet axis provides

-—— parton direction

/

Photon energy tags
parton energy E;

All results based on GEANT-
4 simulations using full reco
algorithms for one run-year
statistics at design lumi and
at 5.5 TeV

CMS, JPG 35 104166 (2008)
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J

I/

Charged hadron tracks
used to calculate z = p,/E-

Measure jet fragmentation function:
dN/d& with é&=-log z = log p,/E+

a5

Jots

1N dN/

FF(¢)=

10° g e e e e e e
10* PYTHIA, p+p, 5.5 TeV
P, > 70 GeV, E"r = 70 GeV
10° Ad =3
ap
102 = f:-a:.rtor‘lE1
- isolated photon E_
10
......
1 . " ..
1 - -
10 - .
= =
10 *‘?#
10°°

o 1 2 3 4 6 7 8 9 10

5
E=In(E /P,)



CMS

= Example study: FF ratio result

e R

l 75

3 TTTT IIII|IIé&;I;IIII[III.WIIIWIIII TTTT IIII: ReCO quenched Pb+Pb
10 reliminary = MC unquenched p+p
Track p_ > 1GeV/c, EZ** >70Gev 3 E.Y >70GeV
Underlying event subtracted B L R R A R AR RN
1015, || —unavenched me T 2 Quenched Unquendned :
_g * Quenched Fragmentation Function . C(CU 6; E! > 70GeV ]
E 10 ~ - 3 S 5L ° Reconstructed Pb+Pb/MCp+p
© - - B L —— MC truth p+p
0 i — c B
2 'E T~ T 4 .
= = - IS ‘soft” E
107 E g enhancement
i ] CIEJ ]
2L I~
107 ¢ T T~ 8 ..................... -
- ’ L -
10-3 IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII |||||||||||||||||||
0 0102030405060.70809 1 6 7 8 9 10
z=p JE, In(E,/p,)

Medium modification of fragmentation functions can be
measured with high significance for 0.35< ¢ <5 (orz<0.7)

CMS, JPG 35 104166 (2008)



	Slide 1
	Slide 2
	Slide 3
	Slide 4
	Slide 5
	Slide 6
	Slide 7
	Slide 8
	Slide 9
	Slide 10
	Slide 11
	First LHC Beam in 2008
	Slide 13
	Slide 14
	The Cosmic Runs At Four Tesla
	Detector Performance Publications
	Slide 17
	Alignment of the Silicon Strip and Pixel Trackers
	Tracking Performance
	Slide 20
	Slide 21
	Slide 22
	The LHC Start-Up in 2009
	Slide 24
	Slide 25
	Slide 26
	Slide 27
	Slide 28
	Slide 29
	Slide 30
	Slide 31
	Slide 32
	Slide 33
	Slide 34
	Slide 35
	Slide 36
	Slide 37
	Slide 38
	Slide 39
	Slide 40
	Slide 41
	Slide 42
	Slide 43
	Slide 44
	Slide 45
	Slide 46
	Slide 47
	Slide 48
	Slide 49
	Slide 50
	Slide 51
	Start of the LHC Physics Program !
	Longer Running time, Top and Higgs
	Slide 54
	Slide 55
	Slide 56
	Slide 57
	Slide 58
	Slide 59
	Slide 60
	Slide 61
	Slide 62
	Slide 63
	Slide 64
	Slide 65
	Slide 66
	Detector and Data-Taking Status for CRAFT09
	Beam “Splash” (~109 protons onto upstream collimator)
	ECAL vs. HCAL Observed Energy
	Synchronization with Splash Events, HCAL
	Slide 71
	Rediscover mesons: 0
	Slide 73
	Slide 74
	CMS
	Slide 76
	Overview
	Slide 78

