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e Introduction
—Machine Status

* From Commissioning to Operations
and Analyses

—First LHC beams
—LHC Physics Run 2010 @7TeV

e Conclusions



— How do particles acquire mass?

— What is the origin of the spontaneous symmetry
breaking?

— Is the Universe super-symmetric?
— What explains dark matter?
— Are there extra dimensions?

* IMPORTANT unsolved questions need
POWERFUL apparatus to look for answers!
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d Weekends

06-Apr-2010 17:27:13 Fill #: 1023 Energy: 297.4 GeV I(Bl): 1.55e+08 I(B2): 7.01e+07
ATLAS ALICE CMS LHCb

Experiment Status STANDBY NOT READY STANDBY STANDBY

Instantaneocus Luminosity 0.000e+00 0.000e+00 0.000e+00 8.989e-04
BRAN Count Rate 3.229e-07 4.059e-32 2.086e-11 1.635e-32
BKGD 1 0.002 0.014 0.002 0.131
BKGD 2 0.000 0.000 0.002 0.002
BKGD 3 0.000 0.005 0.003 0.037

LHCf Count(Hz): 0.000 |LHCb VELO Position Gap: 58.0 mm w-

Performance over the last 12 Hrs
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Global machine checkout

450 GeV re-commissioning

Machine protection commissioning

Ramp commissioning

Collisions at 3.5 TeV

System/beam commissioning continued
Squeeze

Collisions at 3.5 TeV squeezed

Full machine Protection qualification: aday

Finish This!!
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 Remarkable knowledge of the LHC magnet model
— A key to successful commissioning with beams
— Tunes, energy matching, optics close to the LHC model

* Bunch intensities: 1.1E11 with excellent emittance
* Ramp&squeeze for physics @3.5TeV at higher intensities

 Machine protection super critical element

* Goal: delivery of 1fb! to the experiments by the end 2011
— 2010 Target: 3.5TeV, p*=2m, with/w-out crossing angle
— 2011 Target: 3.5TeV, p*=2m, with crossing angle

* Flat out running at 1-2x1032cm2s!in 2011

— Correspond to 8E10 ppb, 700 bunches, with a stored energy of 35

MJ (with p*=2 m and nominal emittance). .
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CMS - compact

Tracking: |n|<2.5,B=3.8T

 Si pixels and strips

Calorimetry: |n|em<2.5 |n|had<5
» EM: homogeneous PbWO, crystals
* HAD: Cu-Zn/scint. + Fe/Quartz
Muon Spectrometer: |n|<2.7

» Solenoid return yoke instrumented

LAr : 175k chanels

Tracking: |n|<2.5,B=2T

 Si pixels and strips

* Transition radiation detector
Calorimetry: |n|<5

« EM: sampling; Pb/LAr accordeon
 HAD: Sampling Fe/scint. + Cu-W/LAr

Muon Spectrometer: |n|<2.7
« Air-core toroids with muon chambels
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st 7 TeV Collisions

Tech Triggers

CMS Experiment at the LHC, CERN i

L1_BptxPlus

9 L1_Bpt<PlusORMinus

Data I'eCOTded' 2010'Mar'30 11'04'33951111 GMT(13'04'33 CEST) 10 Ll_BSCZf'}1IHLIS_BpIi'if'.‘HHLIS
L1-Bsc2Plus_BptxPlus

Run' 132440 L1_BscHighMultiplicity

L1_BsceMinBiasinnerThresholdl

Event' 3109359 ‘LliBSCI'.'HHBIaSlnI1EIThIeshOIdQ

L1_BscMinBiasOR

Lum| Sectlo ' 139 | : ¢ , ‘ : L1-B8cMinBiasOR_BptPlusORMinus

L1 MinBias_HTT10

Ol’bltI = 36208 120 ; 3 L1-SingleForJet2

. - ___amtel” SingleHiBitCountsRingl_1

i C { ¢ L1 SingleTauJet?
Crossing: 1 = . ~ L1 Sing

S y — L oannil L1l SingleTaudetd

L1 ZeroBiasExt

HLT Triggers

HLT_Activity—PixelClustars==
HLT_L1SingleFordet ™
HL,T,_LlsmgleForJet_f\J’oBPT
HLT. L1SingleTauJet
HLT_L1SingIeTauJet_NoBPT§
HLT_MinBasBS G~ ——
HLTMinBiasBS C.NGBRTA
HLT_MinBiasBSC-OR
HLT_MinBiasHcal

HLT_ZeroB|asPl:-:eIgSH]"EjieTlaEK

HLT_MinBiasPixel_SingleTrack

HLT_MinBiasPixel_DoubleTrack

HLT_HighMultiplicityBSC Drawifig cufs & scales

HLT_SplashBSC el v e bt

HLT_L1_BstMinBiasOR_BptxPlusORMinus EBRecHits_V2 0.250

HLT L1_BscMinBiasOR_BptxPlusORMinus_NoBPTX EERpCHits_VZ 0.800

AlCa_EcalPhiSym ESRecHits /v2 0.001
HLT_L1_HFtech
HLT_L1Tech_HCAL_HF_coincidence_PM
HLT ‘HFThreshold10 HORecHits V2 3,300 0.005

(c) CERN 20089. All rights resepyed physicsDeclared http /figuana.cern.chfispy

HERecHits_V2 0.750 0.005
HERecHits_\V2 7 0.005
HFRecHits_V2
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CMS: Integrated Luminosity 2010

,IFI 24__ T T T | T T T —]
€ or ATLAS Online Luminosity Vs=7Tev E w  F
2 9oF [JLHC Delivered = a - | — Delivered 20.52nb" | i
g 18:— ATLAS Recorded = 18 I e | — r
£ - - 16— —— Recorded 18.67nb” | ... | .|
35 16:_ Total Delivered: 16.85 nb’” E -
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2010/05/27 08.08 Date
LHC 2010 RUN (3.5 TeV/beam)

Day in 2010

* Reliable operation with ~21/nb
delivered

 Overall data taking efficiency
>90%

e Results based on luminosities

— up to ~7.9/nb — ATLAS
— 17/nb - CMS

3 ,=,,,AILAS,/,QHCf,,ﬁ

-1 ALICE

delivered integrated luminosity (nb'1)
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day of year 2010



PIXEL TRACKER
STRIP TRACKER
PRE-SHOWER
ECAL END-CAP
ECAL BARREL
HCAL FORWARD
HCAL ENDCAP
HCAL BARREL
MUON-RPC
MUON-DT
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 Beam Pick-up Timing
e BPTX: +175m from IP
« Beam Scintillator Counters

e BSC: + 10.5m from IP
« HCAL Forward

* HF: 2.5 < |n|= 5.
* Trigger: Min Bias & Zero
Bias
* L1 Beam Scintillator
Counters
* L1 Trigger "BPTX"
prescaled
* Minimum Bias selection:
« BSC (OR 2 planes) +
vertex: € ~90%

« HF (E > 3 GeV both
sides): € ~ 90%
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HLT_L1Jet6U
HLT_Jet15U
HLT_Jet30U

HLT_L1MET20
HLT_L1Mu
HLT_L1Mu20
HLT_Mu3

HLT_Mu5

HLT_Mu9
HLT_L1SingleEG5
HLT_L1SingleEGS8
HLT_Photon10_L1R
HLT_Photon15_L1R
HLT_Photon20_L1R
HLT_Ele10_LW_L1R
HLT_Ele15_LW_L1R

HLT _Ele20 LW L1R

107

B Run 133877
. Monte Carlo

L= 10%8cm-2s-1

10" 1 10
Rate (Hz)

1072

 L1/DAQ RUNS VERY WELL
— L1 ~1KHz, <500 kB/evt,
— HLT ~ 2% CPU loaded

 HLT

— Farm Capacity~100 ms/evt

« CPU processing time at L1 rate of
50 kHz

— Up to now we have spent ~15
ms/event (min bias dominated)

— Expect ~ 40 ms/event for a lumi
of 103° cm2s-1 on average

 Deployed trigger menus for
1027, 1028 , 102°cm?/s
(in development for 1039-103'cm-?/s)

— Rate predictions based on MC &
data

— Primary datasets for 102°cm-?/s

20
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Tue 13:17:05

Session
126284

lhcl

Fill: 1005

| BEAM SETUP: FLAT TOP

E: 3500 Gev

30-03-2010 13:17:01

Comments 30-03.2040 13:16:51

Preparing for stable beams!

BIS status and SHP Mags
Link States of Beam™ Permis
Global Beam™ ParmEk
Zatzp team
Babm Precencs
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Ztatés Deara

Preparing to move collinmators [N
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1
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CalibCyc ON
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Min
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Events in BU

<tv.> O
Pending Req.
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EEEEEE—E  496.7

1043.792 Hz

Rceiv.-Disc.

235 P.M-m
167 AM-m

<FU-CPU>
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« Smooth Data Handling
* Over 2 billion RAW events processed

« Stable Software and Reliable Infrastructure @Tier-0

* Tier-1s and Tier-2s making reliable contributions

« All 7 Tier-1 fully participating (FNAL, CNAF, FZK, IN2P3, RAL, PIC, ASGC)
 Many re-processing cycles handled very well

49 T2s received collision data and 57 T2s participate in MC simulation

* > 465 users submitting jobs for analyses (and number increasing

CMS PhEDEX - Transfer Rate
wee k|y) 45 Days from 2010-04-20 to 2010-06-04

1,200 pm : Y Y v v v 1
g . : GB/s

Tier-1 to Tier-2 : 1
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oy CMS preliminary 2010 \s=7TeV
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*Well understood uncertainties in tracking/vertexing
*Primary vertex resolution well modeled in simulation



‘Preparing for the future:

AE : .
Run Number: 153565, Event Number: 4487360 .plle up reconStrUCtlon Of
Event with 4 Plleup Vertics 4 pp interactions in one
R bunch crossing

Still rare but showing up

*Soon might become a major
iIssue

0 ® ..
. 3.08

g *Plans for the luminosity
=W increase of the machine seem
B to prefer 50ns high intensity
———-=—8 pbunches scheme.

25




Material

E N | | L I L L I | l | I | L | L | L _|_
€ 260 jATLAS Preliminary  -0.626 <1 <-0.100 —
N u -
= - + - Data —
7)) - -
g 200 - — MC conversion candidates —
uCJ B §_<j i MC true conversions ]
150 o ~ Pixel support _
| & S structures _
- £ > -
100H & # Lo :
- @ Pixel 3 .
50— =
0 Dalitz J, \ SCT2 |
11 | L1 11 | 1111 . -JL : y . .. ' ' " W

50 100 150 200 250 300 350 400
R [mm]

B Goal is to map ID material to better than 5% (using several methods)
B Reconstruction efficiency for Dalitz decays used to constrain beam-pipe
thickness (in turn used as reference to estimate material in other layers)
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| 1 || ] 1 | 1 || ] 1 1 1 1 ] 1 1 1 1 I

CMS Preliminary

Yield: 2344.8 + 58.2 i
' Mean: 1321.92 + 0.09 MeV/c*
Sigma: 3.24 + 0.09 MeV/c?

Statistical uncertainties onli

| | | I I 1 | I || I I | I

i CMS Prelimin:

Yield: 187.6 + 19.9

Mean: 1672.2+ 0.4 M
Sigma: 2.9 + 0.3 MeV.
- Statistical uncertaint

: Q- — AK

-

-

o
l

-— A\ -

Candidates / 3 MeV/c?

)
o

| A W

1 1 1 1 l 1 1 1 1 l | 1 1 1 l
1700 1800 1900 0 1300 1350 1400 1450
A" K invariant mass [MeV/c“] A% 7 invariant mass [MeV/c?]
Q* — AK* =t s Art
* AK- or anti-AK* - tracks displaced from primary vertex (d;p > 30)

 combinations fit to a common vertex « Common displaced vertex (L;p > 100)
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-Ongoing studies:

-momentum scale
corrections and fine
tuning the material
description at few %
level

-Material description
photon conv.,
nuclear interactions,
multiple scattering,
energy loss

-Track reconstr.
efficiency

-Ratios of rates

D°— K / D°— KT
(+ other methoeks)



- 3D Impact parameter value and significance
- Selection:
track

- tracks with Pt>1GeV belonging to jets with jet axis
pr > 40 GeV and |n| < 1.5 (PFlow Jets anti-k; 5o &

R=0.5). -

interaction p:’im’ary vertex
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Agreement on energy scale at ~1% level (width well modeled)
TT° and 1] samples to improve further calibration and monitoring
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*Three different Jet
Reconstruction methods:

eCalorimeter Jets:
Based on calorimeter tower

«Jet-plus-tracks Jets
a posteriori corrections to
calorimeter using tracks

Particle flow Jets

a priori use of tracks and
calorimeter

|dentify charged hadrons,
photons, electrons, neutra

hadrons

Default Jet Algorithm:
Anti-kT, R=0.5

struction

CMS CMS, December 2009, 2.36 TeV
Run 124120 / Event 6613074

Particle Flow Reconstruction

Jet 1 p. =22 GeV/c

pr= 38 GeV/c

pr =42 GeV/c




CMS Experiment at LHC, CERN
Run 133450 Event 16358963

Lumi section: 285
Sat Apr 17 2010, 12:25:05 CEST

Jet1pr 253 GeV
Jet2pr :244 GeV

Dijet mass : 764 GeV
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A EXPERIMENT =

Run Number: 152409, Event Number: 8186656
Date: 2010-04-05 12:28:45 CEST

ATLAS Preliminary
\s=7TeV

anti-k, jets R=0.6
pft>3o GeV Iy®<2.8

—o— Data det=1 nb

— PYTHIA




NS

-Jets reconstructed with the anti-k; R=0.5 algorithm

-Dijet selection : Jet Pt > 25 GeV, A® > 2.1, |n| <3

-Loose ID cuts on number of components

-Three different approaches: pure calorimetric, track corrected calo and
particle flow.
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Figure: Data vs MC: Di jet mass mj; j» for Calorimeter Jets, JPT
lets, PFiets.
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*MB studies - monitoring of core and tails (noise dominated)
Good agreement with MC over many orders of magnitude

Continuous improvement of MET tails 28



Selections:
] pQ + Collisions

(] + No single cell
jets in HEC

——— + No bad quality
jets in EM-Calo
Min.bias MC
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CMS Experiment at the LHC, CERN LI I O B O

Data recorded 2009-Dec-14 03-46-50 815379 GMT | i C M S P re | im |?a ry,\ II S = 7 Tev

Run 124120

vt section o | | - Slgnal events: 1230 + 47

il el il T+ | Sigma: (42.7 £1.9) MeV A
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Excellent signal for :
Calibration - momentum scale, reconstruction efficiency
Physics - JAp production properties, B->J/ip X
reconstruction, lifetime measurements



nstruction

Event Selection: loose electron requirements
More difficult: larger backgrounds; tighter selections; reduced signal

Rho Phi

B )rated luminosity ~16.4 nb-" — Opposite Sign

—— Same Sign

M = 3.031  0.017 GeV
=93+14 0=0.119 + 0.011 GeV
Ng=37+4 C =6.2 +0.5 Events/0.1GeV

+
L1 Lo
oty b il

15 2 25 3 35 4 45 5 55 6
M.. (GeV)

~93 events
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Event Selection: Basic Electron ID, no MET
MC cross sections: normalized to 12nb-1 integrated luminosity

.| CMS Experiment at LHC, CERN
CMS :| Run 133874, Event 21466935
| Lumi section: 301
Sat Apr 24 2010, 05:19:21 CEST
| S~ e
Electron p;=35.6 GeV/c / \
ME; = 36.9 GeV
M1 =71.1 GeV/c? l{ ‘
!
R\ J
AN
n - = = \\._ p—— -

Candidate events inspected in detail for: timing,
lepton reconstruction quality, event topology

O,
o

1N
o

Y

Events/10 GeV/¢

10

CMS Preliminary 2010
\'s=7 TeV L,_=0.012 pb'

—&— Data
[ Iwsev
[ ] QCD+yj
[ | Others

|||||||||l

37 W candidate events w/ M, > 50 GeV

80 100 120
M, [GeV/c]
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Event Selection: Muon ID (Global+Tracker Mu), |n| < 2.1, Pt, Isolation
MC cross sections: normalized to 16nb-1 integrated luminosity

CMS .| CMS Experiment at LHC, CERN B CMS Preliminary 2010
" | Run 133875, Event 1228182 B X
¢ ’ L =16 nb =7 TeV
O | Lumi section: 16 w=16 167 N5 =7Te
- | Sat Apr 24 2010, 09:08:46 CEST 10 —
: = #® Data
Muon p;=38.7 GeV/c ~ E | PP WopvexX
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o . Other (EWK)
o
/ < 1
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= u
S -
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(11 -
107" —
0 20 40 60 80 100 120 140 160
M, [GeV /c?]

57 W candidate events w/ M, > 50 GeV
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* Ongoing detall inspection:
— Reconstruction quality
— Event topology
— Timing *

After all cuts

but E-™ssand m+




Event Selection: Loose Pt, Isolation and Muon id selection( Global
+Tracker Mu), |n| <2.1

MC cross sections: normalized to 16nb-1 integrated luminosity

CMS Experiment at LHC, CERN

CMS § ,Q"\ _I L I L I I L L I I I LI I I I I I L I_
;| Run 136087 Event 39967482 S CMS Preliminary 2010 -
Il Lumi section: 314 = _ 1 i
Mon May 24 2010, 15:31:58 CEST 8 1 L,=16nb" \s =7 TeV
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0 107E =
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3 Z ->u*u- candidate events
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Event Selection: Two super-clusters with Et>20GeV
MC cross sections: normalized to 17nb-! integrated luminosity

N B e e
O L . s
s CMS Experiment at LHC, CERN S 102 : CMS Prellmlnary 2010 —$- Data
CMS ‘g Run 133877, Event 28405693 ()] = \j_ — 7 T V L - 0 0166 b-1
il Lumi section: 387 === O 10 S= eVLn=U P I weJets
, Sat Apr 24 2010, 14:00:54 CEST / N o = [ QcD & + Jets
Electrons p=34.0, 31.9 GeV/c 4 \\ 2 1 ;— l l Ez-
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;C: 101 é— Zee
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N 107
10°
10% <
=Ml
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5 7Z —e*e" candidate events
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Run: 154822, Event: 14321500
Date: 2010-05—10 02:07:22 CEST

p() =27 GeV n(u)= 0.7
P, (") =45 GeV n(u) = 2.2

M =87 GeV
MU

/> candidate
in 7 TeV collisions




“Transverse Momentum and Pseudorapidity Distributions of Charged Hadrons
in pp Collisions at Vs=7TeV” arXiv:1005.3299 in PRL on 18 Jun 2010
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‘Rise of the particle density at (2.36) 7 TeV steeper than model
predictions
‘Need for ongoing tuning of MC generators
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mb( 1) UE, MB Tune MC

ub™ (10°) Align. dE/dx
Jets, Calib, trigger valid, MET
Heavy flavor c, b tag
leptons
nb (10°) W Cross section, charge We are here!
V4 Mass scale, resolution <
1 pb1(10°) Top pairs Leptons +J + true MET Dijet & HSCP exceed Tevatron
10 pb! Dijet M > 2 TeV, LQ exceed
Tevatron
100 pb't (2010) M >TeV W’ , Z, ED
New range for SUSY
1000 pbt (2011) SUSY — TeV mass scale
(1012) Higgs @ 95% CL, (140,190)

GeV, BH, Technicolor

PLAN: Rediscovering the Standard Model, followed by precision measurements...
Then launch searches, starting with strongly produced final states.



MIS
.~ I Conclusions

» Rapid Commissioning of the LHC and Experient
with Beams and Increased Luminosity

 Thank you to the LHC Team for Excellent
Performance and Operation for Physics!
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 LHC’s leaps in energy and luminosity present
enormous exploration opportunities

» Rediscovery of the Standard Model underway with
First LHC Publications

» Excitement of Discoveries Is arriving!

| would like to thank G.Tonelli, F. Gianotti, A. de Roeck, D. Green and others fors1
material



END of presentation
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