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Outline

* Expected performance of ATLAS and CMS detectors

* What have the experiments learned this fall?

* Early physics: a few examples

Next year is at last going to see the culmination of the work of
thousands of people across the world over some 20 years: the
excitement is really growing in the experiments as data-taking with
proton-proton collisions at ~ 10 TeV approaches
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Generic features required of ATLAS and CMS

* Detectors must survive for 10 years or so of operation

* Radiation damage to materials and electronics components
* Problem pervades whole experimental area (neutrons): NEW!

e Detectors must provide precise timing and be as fast as feasible
e 25 ns is the time interval to consider: NEW!

e Detectors must have excellent spatial granularity
* Need to minimise pile-up effects: NEW!

* Detectors must identify extremely rare events, mostly in real time
* Lepton identification above huge QCD backgrounds (e.g. e/jet
ratio at the LHC is ~ 10, i.e. ~ 100 worse than at Tevatron)

e Signal X-sections as low as 10-14 of total X-section: NEW!
e Online rejection to be achieved is ~ 107: NEW!

e Store huge data volumes to disk/tape (~ 10° events of 1 Mbyte
size per year: NEW!
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I(’hysics at the LHC: the challenge
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Physics at the LHC: the environment
(1 MeV n./cm?/yr)

,_i 400 | 10'8
=
350 b T
300 E
250 1012
200 ;ﬁﬁ e
IL, .|D11
150 &
100 [ | :
T °f rik -
e g
50 it 10
ﬂ ] I
Q 100 200 S00 400 o0 EO0 A0

ATLAS neutron fluences Z(cm)

D. Froidevaux (CERN) 5 DISCRETE 2008, Valencia, 15th of December 2008



i’ml;ysics at the LHC: the environment

Interactions every 25 ns ..
Muon Detectors Electr

+ In 25 ns particles travel 7.5 m
Solermo®
g End Cap Toroid

Time-of-flight

Barrel Toroid Inner Detector Shielding

Hadronic Calorimeters

44 m -
Cable length ~100 meters ...

Weight
: 7000 t

+ In 25 ns signals travel 5 m
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and CMS?

ATLAS superimposed to
the 5 floors of building 40

- L ATLAS CMS

B Overall weight (tons) 7000 12500
e - Diameter 22 m 15 m
Length 46 m 22 m
Solenoid field 2T 4T
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How huge are ATLAS and CMS?

e Size of detectors

* Volume: 20 000 m? for ATLAS

* Weight: 12 500 tons for CMS

* 66 to 80 million pixel readout channels near vertex

e 200 m? of active Silicon for CMS tracker

* 175 000 readout channels for ATLAS LAr EM calorimeter

e 1 million channels and 10 000 m? area of muon chambers

* Very selective trigger/DAQ system

* Large-scale offline software and worldwide computing (GRID)
* Time-scale will have been about 25 years from first conceptual
studies (Lausanne 1984) to solid physics results confirming that
LHC will have taken over the high-energy frontier from Tevatron
(early 2009?)
* Size of collaboration
* Number of meetings and Powerpoint slides to browse through
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ATLAS Collaboration
(As of July 2006)
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ATLAS physics workshop in Rome (June 2005)
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Main specific design choices of ATLAS/CMS

* Size of ATLAS/CMS directly related to energies of particles produced: need to

absorb energy of 1 TeV electrons (30 X, or 18 ecm of Pb), of 1 TeV pions
(11 A or 2 m Fe) and to measure momenta of 1 TeV muons outside calorimeters

(BL? is key factor to optimise)

* Choice of magnet system has shaped the experiments in a major way
* Magnet required to measure momenta and directions of charged particles
near vertex (solenoid provides bend in plane transverse to beams)
* Magnet also required to measure muon momenta (muons are the only
charged particles not absorbed in calorimeter absorbers)
* ATLAS choice: separate magnet systems (‘“small” 2 T solenoid for tracker
and huge toroids with large BL? for muon spectrometer)
* Pros: large acceptance in polar angle for muons and excellent muon
momentum resolution without using inner tracker
* Cons: very expensive and large-scale toroid magnet system
* CMS choice: one large 4 T solenoid with instrumented return yoke
* Pros: excellent momentum resolution using inner tracker and more compact
experiment
* Cons: limited performance for stand-alone muon measurements (and

trigger) and limited space for calorimeter inside coil
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Main specific design choices of ATLAS/CMS

* At the LHC, which is essentially a gluon-gluon collider, the unambiguous
identification and precise measurement of leptons is the key to many areas of
physics:
* electrons are relatively easy to measure precisely in EM calorimeters but
very hard to identify (imagine jet — leading 7~ with v~ — leading ©t° very early
in shower)
* muons in contrast are relatively easy to identify behind calorimeters but
very hard to measure accurately at high energies
—> This has also shaped to a large extent the global design and technology choices
of the two experiments
* EM calorimetry of ATLAS and CMS is based on very different technologies
* ATLAS uses LAr sampling calorimeter with good energy resolution and
excellent lateral and longitudinal segmentation (e/y identification)
* CMS use PbWO, scintillating crystals with excellent energy resolution and
lateral segmentation but no longitudinal segmentation
* Broadly speaking, signals from H — yy or H — ZZ* — 4e should appear as
narrow peaks (intrinsically much narrower in CMS) above essentially pure

background from same final state (intrinsically background from fakes
smaller in ATLAS)
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ATLAS/CMS: from design to reality

TABLE 3 Main parameters of the CMS and ATLAS magnet systems

CMS ATLAS

Barrel End-cap
Parameter Solenoid  Solenoid toroid toroids
Inner diameter 5.9m 2.4 m 94 m .7 m
Outer diameter 6.0m 2.6m 20.1 m 10.7 m
Axial length 129 m 53m 253 m 5.0m
Number of coils I I 8 8
Number of turns per coill 2168 1173 120 116
Conductor size (mm?) 64 x 22 30 x4.25 57 x12 41 x 12
Bending power 4T-m 2T -m 3T -m 6T -m
Current 19.5 KA 7.6 KA 20.5 kA 20.5 kA
Stored energy 2700 MJ 38 M 1080 MI| 206 MI

Three magnets have reached their design currents: a major technical milestone!
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ATLAS/CMS: from design to reality

Amount of material in ATLAS and CMS inner trackers

Weight: 4.5 tons Weight: 3.7 tons
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* Active sensors and mechanics account ea% only for ~ 10% of material budget
* Need to bring 70 kW power into tracker and to remove similar amount of heat
* Very distributed set of heat sources and power-hungry electronics inside volume:

this has led to complex layout of services, most of which were not at all understood
at the time of the TDRs
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ATLAS/CMS: from design to reality

TABLE 5 Evolution of the amount of material expected in the ATLAS and CMS trackers
from 1994 to 2006

ATLAS CMS
Date =1 n = 1.7 n==0 n=1.7
1994 (Technical Proposals) 0.20 0.70 0.15 0.60
1997 (Technical Design Reports) 0.25 1.50 0.25 (.85
2006 (End of construction) 0.35 1.90 0.35 1.50

The numbers are given in fractions of radiation lengths (X /Xy ). Note that for ATLAS, the reduction in material from 1997
to 2006 at n A2 1.7 is due to the rerouting of pixel services from an integrated barrel tracker layout with pixel services
along the barrel LAr cryostat, to an independent pixel layout with pixel services routed at much lower radius and entering
a patch panel outside the acceptance of the tracker (this material appears now at n /2 3). Note also that the numbers for
CMS represent almost all the material seen by particles before entering the active part of the crystal calorimeter, whereas
they do not for ATLAS, in which particles see in addition the barrel LAr cryostat and the solenoid coil (amounting to
approximately 2X, at n = 0), or the end-cap LAr cryostat at the larger rapidities.

* Material increased by ~ factor 2-2.5 from 1994 (approval) to now (end constr.)

* Electrons lose between 25% and 70% of their energy before reaching EM calo

* Between 20% and 65 % of photons convert into e*e” pair before EM calo

* Need to know material to ~ 1% X,, for precision measurement of my, (<10 MeV)!
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ATLAS/CMS: from design to reality

TABLE 7 Main performance characteristics of the ATLAS and CMS trackers

ATLAS CMS

Reconstruction efficiency for muons with pr = 1 GeV 06.8% 97.0%
Reconstruction efficiency for pions with pr = 1 GeV 84.0% 80.0%
Reconstruction efficiency for electrons with pr = 3 GeV 90.0% 83.0%
Momentum resolution at pr = 1 GeVandn = (0 1.3% 0.7%
Momentum resolution at pr = 1 GeVand n &= 2.5 2.0% 2.0%
Momentum resolution at pr = 100 GeV and np = 0 3.8% 1.5%
Momentum resolution at pr = 100 GeV and n & 2.5 11% T%
Transverse L.p. resolution at pr = 1 GeV and n =~ 0 (um) 75 90
Transverse L.p. resolution at pr = 1 GeV and n = 2.5 (um) 200 220
Transverse L.p. resolution at pr = 1000 GeV and n == 0 (um) 11 9
Transverse 1.p. resolution at pr = 1000 GeV and n &= 2.5 (um) 11 11
Longitudinal 1.p. resolution at pr = 1 GeV and n = 0 (pum) 150 125
Longitudinal 1.p. resolution at pr = 1 GeV and n = 2.5 (um) 900 1060
Longitudinal 1.p. resolution at py = 1000 GeV and n = 0 (um) 90 2242
Longitudinal 1.p. resolution at pr = 1000 GeV and n = 2.5 (um) 190 70

Performance of CMS tracker is undoubtedly superior to that of ATLAS in terms
of momentum resolution. Vertexing and b-tagging performances are similar.

However, impact of material and B-field already visible on efficiencies.
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Remember that tracking at the LHC is a risky business!
ATLAS pixels, September 2006 CMS silicon strips
PO oy 200 m? Si, 9.6 million channels
B 99.8% fully operational

e Signal/noise ~ 25/1

// * 20% cosmics test under way
[ Inst. in CMS: August 2007

‘u‘l' p

‘W“‘h\ ’

e All modules and services
integrated and tested

e 80 million channels !

e 10%-scale system test with
cosmics done at CERN

e Inst. in ATLAS: June 2007
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ATLAS/CMS: from design to reality

R&D and construction for 15 years — excellent EM calo intrinsic performance
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* Stand-alone performance measured in beams with electrons from 10 to 250 GeV
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ATLAS/CMS: from design to reality

Actual performance expected in real detector quite dlfferent
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ATLAS/CMS: from design to reality

One word about neutrinos in hadron colliders:
v" since most of the energy of the colliding protons
escapes down the beam pipe, one can only use
the energy-momentum balance in the transverse plane

— concepts such as ETmiSS, missing transverse momentum and mass
are often used (only missing component is E ™)

— reconstruct ““fully” certain topologies with neutrinos,
e.g. W — lv and even better H — tt — lvyv_hv_

v the detector must therefore be quite hermetic

— transverse energy flow fully measured with reasonable accuracy
— no neutrino escapes undetected
— no human enters without major effort

(fast access to some parts of ATLAS/CMS quite difficult)
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ATLAS/CMS: from design to reality
30

U) I I | I | I I I I | I I I I | I I I [ | I I | I | I [ I I | I
i - ME. 7
MEF4]
—t
(@) — . ~Mﬂw CMS |
c [ - ME32 ME31 .
I = - .w ]
S 25 . e : e .
— — MB4 ~ ' ; _
- B i . v : : ME2] —
O — v e - " . e ]
i P, W - " ME2? . _
O 20 " u w .MEI3 S AT _
o I MB3 [ _ - _
i - - e ik e —
() farn™ "h"-".' ~ " - —
— \'f . = e
= 150 AV -
W — " MB? ’_J" . . ’ —
- = » ;H_... . / wMFE]12 - -
[ ™, " U . MEI1 N

10 ko

Y
J
!
|

1A | el d f*-%__ W

K
[y

0

S

‘E’
5

IIII|III

l"1|||l

&)
&)
0]
—k
—Lk
8]
N
N
0]

D. Froidevaux (CERN) 21 DISCRETE 2008, Valencia, 15th of December 2008



ATLAS/CMS: from design to reality
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ATLAS/CMS: from design to reality

For an integrated luminosity of ~ 100 pb-l, expect a few events like this?
This is apparent E ™ occurring in fiducial region of detector!

H Alantis wemyt: oisssn BOLD B114d was: BOLE  wesnk:

D. Froidevaux (CERN) 23 DISCRETE 2008, Valencia, 15th of December 2008



ATLAS/CMS: from design to reality

Biggest difference in performance perhaps for hadronic calo

Jets at 1000 GeV

X 50

ATLAS~3% gg

energy resolution 'f}u o0l
CMS ~ 5%

energy resolution,
(but expect sizable
improvement

using tracks at lowe
energies)

Emiss at SE = 2000 GeV
ATLAS: 0~ 25 GeV
CMS: 0 ~40 GeV
This may be important
for high mass H/A to tt
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ATLAS/CMS: from design to reality
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CMS muon spectrometer
* Superior combined momentum resolution in central region
e Limited stand-alone resolution and trigger (at very high luminosities) due to
multiple scattering in iron
e Degraded overall resolution in the forward regions (Inl > 2.0) where solenoid
bending power becomes insufficient

D. Froidevaux (CERN) 25 DISCRETE 2008, Valencia, 15th of December 2008



ATLAS/CMS: from design to reality
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ATLAS muon spectrometer
e Excellent stand-alone capabilities and coverage in open geometry
e Complicated geometry and field configuration (large fluctuations in acceptance
and performance over full potential 1} x ¢ coverage (In! < 2.7)
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ATLAS/CMS: from design to reality

TABLE 12 Main parameters of the ATLAS and CMS muon measurement systems as well as
a summary of the expected combined and stand-alone performance at two typical

pseudorapidity values (averaged over azimuth)

Parameter ATLAS CMS
Pseudorapidity coverage
-Muon measurement In| < 2.7 In] <2.4
-Triggering nl <24 In] < 2.1
Dimensions (m)
-Innermost (outermost) radius 5.0 (10.0) 3.9(7.0)
-Innermost (outermost) disk (z-point) 7.0(21-23) 6.0-7.0(9-10)
Segments/superpoints per track for barrel (end caps) 3 (4) 4 (3-4)
Magnetic field B (T) 0.5 2(+4)
-Bending power (BL, in T- m) at |n| = 0 3 16
-Bending power (BL, in T- m) at || &= 2.5 8 6

Combined (stand-alone) momentum resolution at
-p = 10GeVand n =0
-p = 10GeVand n = 2
-p = 100GeV and n = 0
-p = 100 GeV and n &= 2
-p = 1000 GeVand n = 0
-p = 1000 GeV and n == 2

1.4% (3.9%)
2.4% (6.4%)
2.6 (3.1%)
2.1% (3.1%)

10.4% (10.5%)

4.4% (4.6%)

0.8% (8%)
2.0% (11%)
1 2% (9%)

1 7% (18%)
4.5% (13%)
7.0% (35%)

CMS muon performance driven by tracker: better than ATLAS atn~0
ATLAS muon stand-alone performance excellent over whole 1 range
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How operational will LHC detectors be in summer 2009?

Current status of ATLAS: installation and global commissioning finished

All measurements below given in situ after installation,
cabling and sign-off (but not always for 100 % of all channels)

ATLAS sub-detector Nb of channels | Non-working channels(%)
Pixels 80x10° 0.4
Silicon strip detector (SCT) 6x10° 0.3
Transition Radiation Tracker (TRT) 3.5x10° 1.5
Electromagnetic calorimeter 1.7x10° 0.04
Fe/scintillator (Tilecal) calorimeter 9800 0.8
Hadronic end-cap LAr calorimeter 5600 0.09
Forward LAr calorimeter 3500 0.2
Barrel Muon Spectrometer 7x10° 0.5
End-cap Muon Spectrometer (TGC) 3.2x10° 0.02
Current status of CMS:

pixels and end-cap crystals installed last summer, a real feat: just in time!

D. Froidevaux (CERN) 28 DISCRETE 2008, Valencia, 15th of December 2008



First beams: a time of excitement (and panic!)...

The beginning of any experiment is exhilarating and fraught with stress:

v' Are we going to be ready from detector to online to Grid distribution of data?
v How soon can we see all detectors switched on?

v When are we really going to need trigger switched on fully?

tertiary BPTX
collimators 175 m

140 m ®
—

BPTX Bunch Intensity Beam 2 (Fri 12/09/2008 01:11:13 CEST)

Bunch intensity measured by the
beam pick-up monitoring system
during a coast of more than
20 minutes of beam 2 on 12/09/2008.
The relative precision determined from
the scatter of data points is 10%.
The absolute intensity value is not
calibrated yet and corresponds

N roughly to unit of 10'° protons.

Geneva local time ’9 DISCRETE 2008, Valencia, 15th of December 2008

Intensity [arbitrary units]

0.2

0.05




Beam splash from collimators in front of ATLAS
TRT beam-splash event #4

Barrel side A __ Barrel side C

‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘

CModule No: 4Straw No: 1010Data: 0x23fff Type: ENDCAP_AModule No: 402Straw No: 93Data: Ox3ff

Signals from the straw
Red colour means HL Each straw signal has a trailing edge at 75ns

threshold fired. /

No noticeable effect

on the HV ¢ PP PP
.75 25 3125 375 4375 50 5625 625 6875 75 0 625 125 18,75 25 3125 375 43.75 50 5625 625 6875 75
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Beam splash from collimators in front of ATLAS

Layer 2 E (GeV)
3

Timing of all TRT readout

channels could be performed with 2

accuracy of ~ 1 ns per event! :

Differences in colour due to
cosmic timing:

600
500
400
300

200

Top: early Bottdm: 1até

p— 100

2D display in n-¢ of energy deposited in
LAr EM calorimeter per cell (layer 2):

« structures seen are due to material
between collimators and calorimeter
(mostly 8-fold structure of end-cap
toroid coils)

* energy seen per event is huge!
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Artist view of beam halo event in ATLAS TRT

__f"r‘" --:.:c" ;
S "'.-'?,.-;‘::'*':‘{i:%;:-L—'w.h.u".."

=
e L b
£ .-

~ A e
et et TR

g

o

Note that beam conditions were not yet considered safe enough to operate ATLAS
silicon-strip or pixel detectors at nominal settings
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Number of events (in million)

Global cosmics: accumulate data for calibration and

-100

alignment and get better prepared for 2009 collisions

d L

= 100 Z (rm) A8C
] |
Cosmic events recorded and processed by ATLAS since Sep 13, 2008 ;
:I T T | T T T | T LI | LI | T T T | T LI | T T T | T T T | LI I: X‘]U
220 - [ —— Sum of RPC, TGC, MBTS L1 Triggers 216 million events -------- = 2 " |—— All Tracks ! ! ]
200 & | —— RPC Triggers (L1) =4 T 250 i
= | ——— Bottom 'Downward' RPC Triggers (L1) 1D O B-field on ]
180 = | —— TGC Triggers (L1) ~ X 200'_ ]
160 — | —— Min. Bias Scint. Triggers (L1) g N B-field off 7
140 = | — Calorimeter Triggers (L1) = _E O ]
— | == Inner Detector Track Trigger (L2) I = 1580 H ]
120 — EM Calorimeter Triggers (L1) . i e :Jse traC':_l:lg tat HLT ]
- everal hundred million cosmic events taken in various - s - e m rove Imln .
100 - getect;rhconr:igﬁratililms before the fir.:.l :_:C beams. - o 1 UD __ p M g __
80 :_ Last updated: Mon Oct 27 16:04:45 2008 _: E I -
- J : <
S0 2% YL e ]
40 — = - S 1
: : g D—I ] n 1 J-l“l.1.l..l..l.-llr.l. 111 I 111 1 I 111 1 | I_
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Days passed since Sep 13, 0:00
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Global cosmics: accumulate data for calibration and

alignment and get better prepared for 2009 collisions

Cosmic-ray data with solenoid on: Cosmic-ray data with solenoid on:
look at 200k tracks going through pixels look at 2M tracks going through barrel TRT

£18000_L\‘|Hl‘\|\|‘|\|\|\||\||\|\|\|\\|\|||H

C 0> u 7
S - o Aligned geometry ; 1 % 0.16 —
£16000 p=3um, 6=23um I Bl 14:_ o Negative cosmic muons E
;1400030 MC perfect geometry — 8 0 n 3 _ ]
= - u:Oum, o=1 Sum . _g- 0 12—_ u Positive cosmic muons ]
'612000— , - o5 F -
o - Nominal geometry 1 < - Negative muon fit __
£10000 u=66um, c=398um /\ — 83’ 0.1 : i
=) ~ 4 £ - Combined testbeam (barrel) ]
= 8000 ATLAS Preliminary— & 0-08F 1
B i 1D - .
6000 Pixel Barrel ~ T 0.06F -
4000 | 0.04F =
2000 - 0.02F B
S e : Barrel TRT -
0"““"" Loalooloaloalpistivuate®® T || ||| || | T mtiesloypsleclasloslsinsloslonlednslanled T | Lol Lol I L]

-04 -03 0.2 -01 -0 01 0.2 (_J.3 0.4 0 0 102 03 104
x residual fmml Lorentz gamma factor

Cosmic-ray data particularly useful for tracking detectors:
* See talks by M.-]J. Costa and T. Rodrigo on ATLAS/CMS commissioning
* Calibration of gaseous detectors (e.g. high threshold for TRT)

* Alignment of inner detector and muon spectrometer systems (e.g. pixels)
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Global cosmics: accumulate data for calibration and
alignment and get better prepared for 2009 collisions

\ Trk pOverQs | m_trk_pOverQsGM
«10° Entries 80781
100~ —_———— - —! Mean x B

2o Mean y -4066

80 U RMSx  2.815e+04
RMSy 3.206e+04
o Sl 014
40 - DATA s B DATA
20 :ﬂ“lj: o =303 = 00T GeVic :': - MC

g = 0.93 = 0.07 Geic

= 0.1 wIC
20— L u= 3500 £ 0.07F GeVic
-60 = N
= 0.06—
801 -
:-'I_ || l [T A -'I. L |I L ] - 'I _"_-'!. L PR s 3w [~
10900 80 60 40 20 o0 40 60 8o 004

ATLAS preliminary

|

% 0 s 0 B 10 15
Cosmic-ray data particularly useful for tracking detectors:

* Global alignment of inner detector and muon spectrometer (and calorimeters?)

* Correlation between two measurements reasonable, energy loss in calorimeters

as expected
D. Froidevaux (CERN) 35 DISCRETE 2008, Valencia, 15th of December 2008




A realistic luminosity scenario for 2009 and beyond?

k / no. bunches 43-156 2808 2808
Bunch spacing (ns) 2021-566 75 25 25

N (10" protons) 0.4-0.9 0.4-0.9 0.5 1.15
Crossing angle (urad) 0 250 280 280
VB*/B* ) 2 V2 1 1

o* (um, IR1&5) 32 22 16 16

L (cm=2s) 6x1030-1032 103%2-10%3  (1-2)x1033 1034
Year (‘revised” schedule) 2009 2010 2010-2012 > 2012
fLdt (crystal ball) 10-100 pb-! 0.5-2 fb! 0(10 fb1) 0(100 fb1)

Energy (if not 14 TeV) 8-10 TeV

Based on J.Wenninger | Note: for ~ 6x10° s of pp physics running per year,
CERN-FNAL School | Expect: ~0.6 fb! /year if L = 103

June 2007 ~ 6 fb! /yearif L =10%
~ 60 fb! /year if L =103
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First physics with early data: a few examples ...

Main point is that this is going to be unchartered territory!

However, early data analysis
will focus mostly on SM
processes with two goals:
1. understand performance of
complex detector
measure basic SM processes
and compare to theory and
various MC tools

d'oldndEql, 5 (nb/TeV)

]_05 T 1 ] ¥ L T | T T LI | T T LI T T

QCD-LO, p=E_ /2

CTEQ4M
-~ CTEQ4H]

-ei-ooo MRST

LHC

\ 10 events

. with 100 pb-

5 Ws =14 TeV

10~

Ws= 1.8 TeV
\ Tevatron

{10 A AU PR ISR S S S (A S S S S RS S S S M
0 L 2 3 4 5

E, (TeV)

This is far more important than superseding e.g. Tevatron Higgs-boson limits, in
the cases where they are not at the level of the expected rates for a SM Higgs boson
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Jets are going to be everywhere...

Look for the unexpected!
Contact interactions create large rate at high Prand
Immediate discovery possible
+ Error dominated by jet E-scale (~10%) in early running (10 pb-1)
e AE~ 10% not as big an effect as A= 3 TeV for P,>1 TeV.

10 pb-': reach beyond Tevatron exclusion A+*< 2.7 TeV.

Rate of QCD and Contact Interactions Sensitivity with 10 pb-!
} 1“5? | T T T | T T T | T T T | T T T T T | T T T I T Ié; D 4 | T T T T {
{g - . ™ QCD & 10% energy error band . 83 5[ |LO Calculations CMS Preliminary _
S 10° @ . ) E - | *+ QCD Errors for 10 pb™
wn = ] AT =5 TeV contact interaction 5 e 3L -
@ = . 3 o =-==== Eniergy Err {10%) :
- . & A" =2 TeV contact interaction — _ |
Sw'e b = mE.E_ POF Er (CTEQE.1) _:
c . 1 3 ‘-'é' o T A*=3TaV E
10° . |Jetn|<1, 10pb "~ _| ] —— A* =5 TeV
= - é 3 Qo150
- o 3 = L |detn<1
. o
10° $500, E D S
= w clﬁﬁcl':":'{?&c.c,; EDE_
10= [ & ad g C
= i '4.}‘ gh o = U D --------------------------------
-~ CMS Preliminary .. ﬁ - ©_ f
_ . L SO L B
1 3 Gen-Level Simulation e, . L 0.5 i
i | I | [ — | | — | ||||||| | [ T T - C l ! ! ! 1 il
200 400 600 8O0 1000 1200 1400 E 1{},2 04 06 08 1 1.2 14—
Jet p_ (GeV Jet P (TeV
Ph, pI( ) % r(TeV) o
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Electrons pairs in ATLAS at low luminosity

Threshold for ee Threshold for smgle e || L=10%3cms1, 100 pb!

J /1p ~250k
Y ~45k

!-l.q"*

10°
= 102 "HI‘
10
1
107"
107
107
10
107

b,c—e 107

W—ev ~10°

/

cross-section (nb/GeV)

Z—ee ~50Kk

-. 11 1 1 N

10 10° .
Py c (GeV)
Low-py physics triggers tor 10 times larger electron statistics

Crucial for early understanding of detector and trigger
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Same with muons ...

Sources of low invarianl mass di-muons
vo After all cuts:
= gy ATHAS ~ 4200 (800) JAp (Y) — uu evts
Beware per day at L = 103!
1 ¥ background Y (for 30 % machine x detector data taking
from heavy Y’ efficiency)
. flavours and n/ Y Tracker momentum scale, trigger
107 decays performance, detector efficiencys, ...
1o 9 10°g— 10 pb” ———— 7
2 3 4 5 & T B 9 10 11 12 E ; E |:| bE—>M,l
Mass (GeV) lfl - i1 ww
After all cuts: % 10 |
~160 Z — pu evts per day at L = 103! E e
Note: o,(LHC)/o,(Tevatron) ~ 10 O FPREET 00 [eee—

Muon spectrometer alignment, ECAL

uniformity, energy/momentum scale of full 1

1 1 ! ! |
detector, lepton trigger and reconstruction B a0 850 100310 120 130

efficiencys, ... M,, [GeV]

Precision on ¢ (Z—puu) with 100 pb-': < 2% (exp. error), ~10% (luminosity error)
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Z. decays to leptons:
a tool for precise understanding of the detector

First few pb'’s: tracker & calorimeters

Tracker Alignment Calorimeter calibration
Expected | Goals for Expected | Ultimate

: Day 0 goals

Day 0 Physics : : ; .
Tracker 20-200 um | O(10 pm) ECAL uniformity ~4% <1%
alignment in R¢ Lepton energy 0.5-2% 0.1%
) [ e mewnerem |HCAL uniformity | 2-3% | < T%

Eﬂ-.ﬂ?ﬁ‘ T I e [ e e maan = 89,882, AMS = 6718 JE‘t Energy {1Dﬂfu 1“}’0

_E'I},UB

ECAL, HCAL.: intercalibration using
azimuthal symmetry (min bias).

600 Z—uun

/ pb-
0.02 ECAL: =° calibration, then electrons
% o m‘a""""‘“":;'ﬁ;zu HCAL: di-jet balancing; check with

photon+jets; Jet Energy Scale set

Z peak visible even with T T e s

initial (rough) alignment
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First top quarks seen outside Fermilab:
top-pair cross-section through semileptonic channel

Extract signal using event 3 1zof
counting or fit to M

distribution

Can establish signal for
100 pb' even with
pessimistic background

g
o
|

Number of events / 5.03 G

E II|£I Igllgl
|

g ATLAS -

(=]

o
M, [GeV]

o0 180

With 100 pb-' expect to commission b-tagging and
understand efficiency to ~5% - use in selection

Require 1 or 2 b-tagged jets, reduces non-tt b/g and helps
select correct combination

For O(fb-1), b-tagging, PDFs & luminosity become important

Expected significance

Expt Int.L Method Stat (%) | Syst (%) | Lumi (%)
ATLAS 100 pb-' count (W—e) 25 14 5
ATLAS 100 pb-! likelihood 7.4 15 5

CMS 1 fb! count 1.2 9.2 10

CMS 10 fb- count 0.4 9.2 3
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Obvious candidates for first searches:
heavy resonances decaying to leptons (e.g. Z’\,)

Mass hxpected events for 1 fb'! |Integrated luminosity needed for discovery
(after all analysis cuts) (corresponds to 10 observed events)
1 TeV ~ 160 ~70 pb!
1.5 TeV ~ 30 ~ 300 pb-!
2 TeV ~7 ~ 1500 pb-!

v With 100 pb! large enough signal for
discovery up tom > 1 TeV

v’ Signal is (narrow) mass peak on top of small _
Drell-Yan background

v" Ultimate calorimeter performance not needed

Events/10 GeV/1 fb

Tevatron reach (50,7 fb'1): ~1 TeV

Ultimate ATLAS reach (300 fb!): ~5 TeV

D. Froidevaux (CERN) 43

g3 |1 Zegy

LI
—

10

)

1000 1500 2000 2500
mill) (GeV)




Obvious candidates for first searches:
R-parity conserving SUSY

If it is at the TeV scale, it should be found “‘quickly” ....
v Large (strong) cross-section for (q,Z2q,Zgg production

v’ Spectacular signatures (many jets, leptons,

issing E)

At the LHC, for m
expect 10 events/day at L=103

Tevatron 95% C.L. reach:
up to ~400 GeV

~ 1TeV,

squark,gluino

LHC reach for gluino mass

TR

but precise understanding of backgrounds

JLdt Discovery
2 F Jets + E, miss T susy(itey [[of Well understood data | (95% C.L. exclusion)
S 10°F g Sus =
= [ m~700GeV e 'BG B 0.1-1 b1 (2009) ~1.1 TeV (1.5 TeV)
£ EL x 100 pb-t & ¥ {21 b1 (2009-2010) ~1.7 TeV (2.2 TeV)
2 1OF b T aco B 300 fb! (ultimate) up to ~3 TeV
Riilse ~1TeV ] o
10 mm eV 3 Hints with only 100 pblup tom~1TeV,

T
TS

Preliminary _j_

| 0111 | 111 | 111 | | - | | | ] 1l
100 200 300 400 500 600 700 800 900
Missing ET [GeV]

44

will require ~1 fb!
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Eventual discovery reach of the LHC

Excited quarks q*—1yq: upto m=6 TeV
Leptoquarks: upto m=1.5 TeV
Monopoles pp — yypp: upto m =20 TeV
Compositeness: upto A=40 TeV

7’ —1l,jj: upto m=5 TeV

W —=Ilv: upto m=6 TeV

etc.... etc.... LHC discovery potential versus time

}

Z, m=65TeV3
gu"s‘i:rev Compositeness
A=60TeV

—h

<
TTTI
Ll

e Opportunities for discoveries of
new physics are numerous and
detectors have been optimised
using benchmarks from many
models

—
<

—

o
TT ITHIIl T IIIITII TT I[H|T| T IIIIHI T TIIIII]
II|

m=2.5TeV SUSY (3,3)
eV-scale resonances from WW scattering

Leptoguarks, m=1.5 TeV
Compositeness, A = 30 TeV

Integrated Luminosity (fb™)
<

=
° ° Extra-dimensions G —e*e’, m=1TaV E
* But some things might be beyond - 115 eV .
reach of LHC (and even SLHC!): LI ST < E
v’ Higgs-boson self-coupling =1 TeVSUSY (53) £ SLHC -
. . 1 0—1 Z'— g'e’, m=1 TaV E —_— =
v" Charginos and neutralinos @ -
o oo 1t - First top quarks observed in Europe! L= 1035 ]
ln mOSt Scenarll 2 1 1 1 I L L 1 I 1 1 L l 1 1 1 I 1 L 1 i 1 1 1 I 1 1 =
008 2010 2012 2014 2016 2018 2020
year
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What next?

Why this fear that experimental particle physics is an endangered species?
%4 The front-wave part of this field is becoming too big for easy continuity between
the generations. I have been working on LHC for 25 years already. Most of the
analysis will be done by young students and postdocs who will have no idea what
the 7000 tonnes of ATLAS is made of. More importantly, fewer and fewer people
remember for example that initially most of the community did not believe
tracking detectors would work at all at the LHC.

%4 The stakes are very high: one cannot afford unsuccessful experiments (shots in
the dark) of large size, one cannot anymore approve the next machine before the
current one has yielded some results and hopefully a path to follow

% Theory has not been challenged nor nourished by new experimental evidence
for too long

This is why the challenge of the LHC and its experiments is so

exhilarating! A major fraction of the future of our discipline hangs on the

physics which will be harvested at this new energy frontier.

How ordinary or extraordinary will this harvest be? Only nature knows.
Fortanately, there is much more to experimental particle physics

than its dinosaurs! ﬁt
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