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2009: 09 TeV c.m. pp
2.36 TeV c.m. pp

0

7TeV cm. pp ~ 40/ pb
574TeV c.m. PbPb ~9/nb

7TeV cm. pp ~ 5/fb
574 TeV c.m. Pb Pb (and p Pb)
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Peak luminosity (10 ecm™2s™1)
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LHC Luminosity evolution

LHC 2011 RUN (3.5 TeV/beam)
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LHCDb can cope with 2x higher luminosity than expected !

Delivered integrated luminosity (fb™!)

LHC 2011 RUN (3.5 TeV/beam)

—e— ATLAS 5.625 fb~!

’ > 5/ fb
—#&— CMS 5.727 fb™!
| —o— LHCb 1.217 fb!

—o— ALICE 4.891 pb™!
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LHC records

T.Hebbeker

Nominal
Beam Energy [TeV] 3.5 3.5 7
Bunch population 1.2x10'"p 1.4 x10% p 1.15<10'"p
Number of bunches (time) 368 1380 (50ns) 2808 (25ns)
Transverse | 260 | PI1&528[ I m 16.7
Stored ener 28 110 360
Peak luminosity [cm 2sY] 2x103%? @ x@
Max delivered lumi (1 fill) [pb - 6.23 123
Longest Stable Beams fill [hrs] 12:09 25:59

Collier 20110921, Meyers 20111018
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LHC problems: UFOs

On average ~ 6 UFOs/hour during stable beams in the arcs
Jul. 2010 & Sep. 2011: 35 fast loss events led to a beam dump

9.0E-02

8.0E-02

7.0E-02

6.0E-02

5.0E-02

4,0€-02

ceramic test

3.0E-02 beam tube

Loss Signal RS1 [Gy/s]

2.0E-02

LOE-02 Micrometer sized mamaticles are
(still) the most plausible explane
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Collier 20110921
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LHC short term plan

_____ pnysics proton physics
Oct | Nov N Dec
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Meyers 20111018

:[Technical Stop E Injectors - proton physic
[ 1Recommisssoning with beam

|:[Machine development

ial runs (TOTEM etc.) to be scheduled

Js= 7TeV (8 TeV ?)
4Q0°/cnt/s Y >10/ tb(?)
50 ns (25 ns)

restart data taking March

2012

Nessi 20111019
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LHC long term plan

LHC startup, Vs 900 GeV

Vs=7 TeV (8 TeV?), L- 4x10¥cm?s", bunch spacing 50/25ns

~10 fb?
Go to design energy, nominal luminosity repair Splices -
Phase)
Vs=13~14 TeV, L=1x10*cm?3s"
. ~50fb!
. Injector and LHC Phase-1 upgrade to full design luminosity
vs=14 TeV, L=2x10*cm?3s"
~300 fb*

N HL-LHC Phase-2 upgrade, crab cavities?, IR

vs=14 TeV, L=5x10*cm?s", [uminosity levelling

Nessi 20111019
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Hadron Collider Physics: Tevatron versus L

WJS 2010
1000 e
ratios of parton luminosities §’
- at 7 TeV LHC and Tevatron %
i 2 TeV ?
5
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k%)
g
-
= 10 -
- MSTW2008NLO
10’ 10? 100 M(X)>1TeV:
= M, (GeV)
S(t6.7TeV) , ¢ S(X,7TeV) _ -
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ATLAS = FSP 101
= A Toroidal
LHC ApparatuS

Germany = 368 authors
12.2% = 2nd largest

, J — Colla
chen N g | = G. Herten

Computing coordinator
= H. von der Schmitt

Higgs group convenor

= Sandra Kortner
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- DESY



LHCb = Large Hadrop Collider Beauty Experiment

Germany
= 48 authors
=8.1%

~ = Dortmund
Heidelberg
Rostock

tj‘\ MPI Heldelberg
-
=D
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Tracking reconstruction / f

Tracking system

Coordinater =J.v. Tilburg 16
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Detector performancel example from CMS

PIXEL TRACKER

Tonelli 2011-10-18

STRIP TRACKER

PRE-SHOWER

ECAL END-CAP

- | |
HCAL FORWARD

ECAL BARREL

HCAL ENDCAP

- | |
MUON-RPC

HCAL BARREL

MUON-DT

90 91 92 93 94 95 96 97 98 9 , 100
Yo

MUON_ALAUON DT MUON-  HCAL HCAL FCI)-II‘;:V‘;IL\R ECAL | ECAL PRE- T%@EE TER(EIPEE
CsC ) RPC BARREL ENDCAP BARREL END-CAPSHOWER

Series1 98 99.4 98.3 99.5 99.3 99.3 99.1 98.9 95.1 97.8 971

MUON-CSC




(Grid) Computing T example from ATLAS

Terminated jobs
287 Days from Week 00 of 2011 to Week 41 of 2011
L] |

600,000 L L] L] L] L] L L

500,000 @ =

400,000

300,000

200,000

Average: ~287 000 jobs/day
(~ 15% of total available CPU time)
100,000 _

Feb 2011 Mar 2011 Apr 2011 May 2011 jun 2011 jul 2011  Aug 2011 Sep 2011 Oct 2011

M other mus MDE WFR mUK
B CERN L 1 [Es BnL mca
FnD mTw

Maximum: 573,920 . Minimum: 0.00 , Average: 286,953 . Current: 249,356

Here only analysis jobs. Most CPU taken by production jobs.

beker

Gianotti 2011 -10-17



LHC Computing Germany

OSTIHH-CH

Wissing

Atlas
CMS
LHCDb

Tier 2



Events / GeV
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Physics Results
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Results

10 examples:

(hadrons
o | Jets
.5 b decays
S | b oscillation
= | top
54 Wz
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1034cm

Evenis / sec for GB
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Hadron production
typical minimum bias event

CMS Experiment at the LHC, CERN 0.9 TeV
Data recorded: ' 2009-Dec-06 04:14:38.495160 GMT ' ' '

Run: | 123592

Event: 2003169

Lumi section: 13

Orbit: 12844863

Crossing: 51
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Hadron production

T.Hebbeker
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ALICEYp NSD &  UA5pp NSD
LICEAp INEL 2  UA5 pp INEL

First LHC
physics papger

best if
pileup low
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Measurements at 0.9, 2.36 and 7 TeV:
Rise of multiplicity stronger than anticipated

new MC
= tuning




Jet production

uuuuuuuu 1152777, Event Number: 3900430

e




Jet measurements

CMS, L = 36pb1 \§-7Tev

Absolute scale uncertainty [%

—
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.Total uncertainty -
— MPF method
—~Photon scale
- Extrapolation
= Offset (2010)

- Residuals
= Jet flavor

Anti-k; R=0.5 PF

T.Hebbeker

Hi gh preci si

Oon




Inclusive jet production

Jet p; spectrum

13 orders of magnitude

T.Hebbeker

Agreement with QCD prediction over several orders of magnitude

27



