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Collider Luminosity

The event rate R that we measure in a collider 1s proportional to the

interaction cross section o, and the factor of proportionality 1s called the
luminosity

R=flﬂrj_ﬂt_ .

[f two bunches containing #{ and n, particles colitde with frequency £,
the luminosity is
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Collider Luminosity

Luminosity i1s measured in units of
length2 * time!

Typical collider values are in the
range of

1030iunits Cm-Z SGC'I




Search for new phenomena at LHC

¢ LHC  s=14TeV . . . .
- Luminosity is like

e money: the more you
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How do we measure these phenomena ?

How physicists go from the "basic 1deas of
measuring some quantities" to the "design and
constructions and operation of large scale

experiments'.
?
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Falsification
Validation



Theory and Experiments

Exp: Particles have masses: ..... why ?
Theo: Mass 1s given by the interaction with the
Higgs field

Exp: Find the Higgs Boson

Exp: There are 3 Forces: ...... why ?
Theo: Super Symmetry unifies the Forces
Exp: Find the signals of Super Symmetry



Basic detector

New physics will be detected by the production of NEW PARTICLES. These particles
will disintegrate in very short time (10->* s) and we will detect their decay products. The
particles that we will detect are particles with “long-life-time”. The LHC detectors are
designed to record the largest possible amount of information about these final state

particles.
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CMS SLICE
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Simulation of an Higgs Boson decay in ATLAS
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Detecting the Higgs Boson

*IF the Higgs boson exists

[F LHC gives large Luminosity for long time

*IF you have built a performing detector

*IF you have been able to record the events at high rate
*IF you are able to reconstruct correctly the events

*IF you have aligned and calibrated your detector

*IF you have understood your muon and electron
identification

*IF you are able to run the detector under stable
conditions for long time

R then ...... after years of hard work

30fb! 1year at L=10°3 cm™ s°!




ATLAS and CMS Physics Program
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Expected Performance of the ATLAS Experiment Abstraet
ChiZ Is a gemeral purpose aipenment, desizned to study the physics of pp
Detector, “lml‘ and |‘|I:\'Si1:5 colliszons at 14 Te'V at the Larpe Hadron Collider (LHC). It cumently imvolves

maare than 2000 physicists from maore than 130 institates and 37 countries. The
LHC will provide extracedinary copormumites for partcle physics based on
its umprecedented collision enerpy and laniinosity when it bepms operatdon in
2007.

The principal aim of this report is to present the siategy of CAS to explore
the rch physies programme cffered by the LEC. This volame demonsoates
the physics capability of the T35 experiment. The prime zoals of CM3 ane to
explore physies at the Te'V scale and to stady the mechanizm of electoweak
synmety breaking —throuph the discovery of the Higes particle or otherwise.

The ATLAS Collaboration

A demiled study b5 presemied of he expected pedommance of ihe

ATLAS debeclor  The mconsinction of imeks, kpicas, phokas, To carry cat this task, CMS must be prepared to search for new pamicles,
misng energy and s i imestigaed, fogether with the performance sach 25 the Hipps boson or supersymmestnc parmers of the Standard Model
of b-agging and ihe irgger. The physics poental for a varkety of particles, from the start-up of the LEIC since mew physics at the Te'V scale may
'“':I'.J‘f:';@ m’m“m’:m"": ?“"“m'“”lﬂ"“ﬂ" miamifess iself with modes: data samples of the order of a few fb! or bess.
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e — PHIHI?;M:HMS.I' fih particular emphass given m The analysis tools that have been developed are applied o stwdy in preat
ihe data expecied from ihe first years of operation of fhe LHT ot CERM detzil and with all the methodology of performing an analyss on ChS daca

specific benchmark processes upon which to panee the performance of WS,
These processes cover several Hipzs boson decay channels, the production and
decay of new particles such as ' and supersymmetic particles, B, production
and processes m beavy oo collisicms. The sinmlatton of these benchmark

http://cdsweb.cern.ch/record/1125884?In=en ilgmaes Berees oo benchmntk eoess e Py s of S
is smudied for a larpe mumber of signatures anszing m the Standard Model

and also m thecmes bevond the Szandard Moedel for inteprated lumiinosides
ramzime from 1T fn N Thae Standard Winde] reanscoss e OO

http://www.iop.org/EJ/abstract/0954-3899/34/6/501/
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decays, and the poecisicn with which the Hipes boson properties cam be
denved 15 detemmined. About ten different supersymmetry berchmark poimts
are amalysed usmg full simuladon. The CME discovery reach is evaluated
in the SUSY parameter space covering a larpe vadety of decay signatares.
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What can be done at the beginning ?

LHC first data from Fall 20009.....

100 pb'! = 6 months at 103! cm™ sec’!
at 50% efficiency we may collect several 100
pb! during the first LHC run

Channels (examples) Events to Total statistics from previous
tape for 100 | Colliders
pb-1

Wy ~106  ~10* LEP ~10° TEVA.
Z5uu ~10° ~105 TEVATRON
tt >Wb Wb > pv+X 104 10* TEVATRON

SUSY ~ mass 500 GeV 102 -



adronic Collider variables

—

n=1.0

pr=p sin0

Pseudorapidity:

6=90° —> n=0
0=10° —> n=24
0=170° > n=-
2.4
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First DAYS

0 LHC  Vs=14TeV
barn

kg inelastic

) 1028 Startup
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Minimum Bias Events

Most interactions are due to collisions at large distance between
incoming protons where protons interact as “ a whole ” — small
momentum transfer (Ap = i /AX ) — particles 1n final state have large
longitudinal momentum but small transverse momentum (scattering at
large angle 1s small) Minimum bias events

FIrIrfrrrirprrrrprrrerprrrrprrirrg =TT rrrrprrrrprrrrprrrrprrrig 50 mb_l
sF M5 Pre liminary 3 sF CMS Preliminary 3
F ] 4__+L__I_wl_;‘__;__ few seconds of
- ] - 1 data taking
5 I . 5 ¢ .
= w = -
= . T
2r . 2r =
1 FYTHIA w00 Co_sk . ‘If— FYTHA TaTeli_sk .
: NC Tk - L T Truk ]
———— DO ded I~ —_— FE e
0 | TN T T gl N T
3 2 1 0 1 2 3 -3 2 1 0 1 2 3
n n
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Hard scattering

Monochromatic proton beam can be seen as beam of quarks and gluons
with a wide band of energy. Occasionally hard scattering (* head on”)
between constituents of incoming protons occurs.

16



First weeks

0 LHC  Vs=14TeV
barn

kg inelastic

mb

103! Startup
€———— 1 event/s

nb = ot

SUSY G+qa+gg
tan=2, p=m-=m-/2

tan=2, u=m=m;
pb
Hsu—>2Z -4
* 7,5 scalarLQ zq—*2|1
50 100 200 500 1000 2000 5000

jet E; or particle mass (GeV)
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JET Production

Test of QCD Jet production

. Inclusive Jet Cross Section

;_?W [LLL «DE Runll Dala, L, = 34 pt" Data from the D experiment
Q-_,a":,:[. L g {RU“ |I}
- I? MLO G1EUEM, 1, = 13, g =1 ==
%mfg 1'1_ At LHC the rate of di-jet mass above 500
E I 'L,_LLH- GeV is 1 Hz for L = 103!
o |
i E ., Cone Algorithm e
241 “_ R =07
. very good agrecement over many
10" L orders of magnitude |
E |n |=<0.5
10°% within the large theoretical and
.- D@ Run |l preliminary ; . expenmental uncertanties

ﬂ L L L
100 150 200 250 304 350 400 450 500 550
Jesl Tramneswersse Momeium [GeY (]

parton+parton - parton+parton
parton can be gluon, quark, anti-quark



W and Z production

- I I I I I I
51'.'." — =
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U-quark +anti-d quark -2 W 2> ev

few weeks at 1032 cm™ sec’!



Can we do physics since the beginning ?

not likely |

first ....we must
understand the detector

20



“Pre-Collision Physics Structures™

Cosmic Muons
High energetic muons that traverse
the detector vertically e e e R
—particular useful for alignment e 7\ ]
and calibration - barrel region. 1 £ .
Beam ==p—— I 2 o
| R
I I o
I

Beam Halo Muons

Machine induced secondary particles that
cross the detector almost horizontally
—particular useful for

alignment and calibration - endcap region.




Cosmic Muons

Substantial Rates

for E, >10 GeV
Nyl Rate[Hz]
CMS tot ~1800
Muon only | ~1800
calorimeter |~ 700
tracker ~ 60

Cosmic Muons:

Special Topology (traverse whole detector) makes them very
attractive for various commissioning activities (e.g. alignment,
operational experience with high energetic muons, etc ...

Y [m]

rate per 2.5 m |Hz|

100 T

| I B A A A |
5 10 15
gen. 7 [m]|



Beam Halo Muons

—Beam halo muons are machine induced secondary particles

LBy

and cross the detector almost horizontally. Thus leaving essentially signals

in the endcaps.

Muons Muons
5105; Em“
B b < Muons
£ Muons Z |
107k «— -
: 0°
02f " Rather flat rate
E '.‘\
0 F
., )
1 & “\%%M 10
L ww
10 ¢ %%
2f . ‘W#m% 10 .
— 1
°TE in GeV — Myl Rincm —
[ | L | L | L | L | L | L | L |
0 500 1000 1500 2000 2500 3000 3500 4000 0 50 100 150 200 250 300 350 400 450 500

E (GeV) R (cm)

Substantial Expected Rates for E >100 GeV

— Very interesting for several commissioning

efforts of the endcap regions

N1 [Hz]

CMS tot | ~1000
Muon ~ 800
Calo. ~ 800
tracker ~ 200




ATLAS COSMIC EVENT

ATLAS 2006-09-28 10:19:08 CEST event:JiveXML _90272 2065845 run:90272 ev:2065845 geometry: <default:- Atlantis
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CMS COSMIC EVENT
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Number of events (in million)

ATLAS and CMS COSMIC RUN

Cosmic events recorded and processed by ATLAS since Sep 13, 2008 cosmvstime
t T | T T T T | T T T T | T T T T | T T T T | T T T T | T T T T | T T T T T i X;v1nE
220 ;_ = Sum of RPC, TGC, MBTS L1 Triggers 216 million events --------- _: " .-”._'-‘,-"
200 | — RPC Triggers (L1) _ 250__ Dataset: /Cosmics/Commissioning08-v1/RAW
E Bottom ‘Downward' RPC Triggers (L1) E _  Selection: DT,SIST,BFieldOn
180 = | —— 16C Triggers (L1) = - Tot Events: 286825664
160 & | —— Min. Bias Scint. Triggers (L1) _— 200__
14 = | — Calorimeter Triggers (L1) = C
0 C =———— Inner Detector Track Trigger (L2) . C
120 — | —— EM calorimeter Triggers (L1) — 150— 4 runs
100 = S e farmtions befere the fret L1 besme. — C ; exceed 15h
I Lastupdated: Sat Feb 14 23:07:33 2009 = -
80 —  Vertical areas indicate magnetic field status: — 100—
60 :_ ORANGE: solenoid on, GREEN: toroid on, BLUE: Both fields on _: :
a0 3 b % Oct.21 VIP visit
20 & — -
= — -
0= . 'T"‘!ﬁg OIIIIIIIIIIIIIIIIIII
88500 83000 89500 90000 90500 91000 91500 92000 LY@ ewor~oo02 oo er22ggugR
T R R R BB EE R = O -} =
Uﬂuﬂﬂﬂﬂﬂﬂg‘gz‘%sssa‘g‘i%m%%ﬂ
Run number ° 3 38 T8 % ©v B VDT T T
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ALIGNMENT

number of hits on tracks
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Pairs of Split Tracks

Pairs of Split Tracks

TRACKER RESOLUTION

- Entries 50244
0.06 — Constant 0.0490:+ 0.0003
L — CRAFT Latest Mean 0.0471:+ 0.0052
N Sigma  0.9883 + 0.0050
0.05 j _______ Ideal MC Entries 80086
r o Constant 0.0507 + 0.0002
- @ Mean  -0.0654+ 0.0038
0.04 — Sigma 0.9457 + 0.0037
0.03—
0.02
0.01
0 e e i IR AU RN RURI A
-5 -4 -3 -2 -1 0 1 2 3 4 5
ApJo(p,)
- Entries 50244
0.091 —— CRAFT Latest Mean  0.2321
= RMS  44.41
0.08- .. Ideal MC Entries 80086
0.07; Mean 0.2906
= RMS 37.44
0.06—
0.05—
0.04
0.03
0.02
0.01—
. e als AV BRI BN B ——
-gﬂl] =150 =100 =50 0 50 100 150 200
Ad,, (um)

Pairs of Split Tracks
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0.04

0.02

-]

CMS

CRAFT Latest

Ideal MC

Original Cosmic Track

50244
0.001468

Entries

Mean

RMS 0.6392

A 6 (mrad)

Entries 80086

Mean 0.004788

RMS 0.5109
3
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BEAM HALO MUONS IN CMS

]

Track-based alignment
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BEAM SPLASH EVENTS

During a test, one bunch of ~10° protons at 450 GeV was dumped on a collimator few

hundreds meters upstream of the detectors producing ~ 10° muons (average energy 30
GeV) traversing the detector at the same time

http://atlas.ch
first beam event seen in ATLAS
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Timing of ATLAS TILE CAL

2':1_ ! I T -
Each group was R = Sample A -
calibrated in r » Sample BC .
time with laser 0 - ] S oampe -
B T r LT 1L -
'6' TG_ _ ........... —
é :ﬁeli.-ll“ ==_"_=_'-i!ai B
= - 7
-20 .
- b L TS
-30[— =
- B 1 L 1 l 1 | 1 l 1 L L J. il 1 1 I. 1 1 L l 1 L B
D00 -4000  -2000 0 2000 4000 6000
Z[mm]

The visible discontinuities at Z= 0, = 3000 mm are due to the uncorrected time
differences between the four TileCal partitions. This data provided the opportunity
to correct this discontinuity.



CONCLUSIONS

ATLAS and CMS arrived well prepared to the first rendezvous with the
beam on the 10™ of September 2008. Unfortunately it lasted only few
days. Nonetheless the beam halo and beam splash events have been
extremely useful to perform first calibrations

Since then the experiments have collected few hundred millions of
cosmic rays that have been used for commissioning and have
substantially improved the calibration of the detectors.

In July/August ATLAS and CMS will be again in run with cosmic rays

preparing for the second rendezvous with the LHC beam, and this time it
will be forever !
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CMS ECAL TIMING

The figure shows the average time associated with clusters in ECAL barrel, in
cosmic runs with magnetic field and and APD gain set to 200 (x4 the LHC
conditions). The data sample is the same as the one used for the occupancy plot,
but for timing only clusters with seed energy exceeding 100 MeV are used. Time is
measured in clock units (25 ns) with respect to the nhominal settings for collisions.

Clusters in the bottom are seen later with respect to the top part as a result of the
time of flight of the cosmic rays.

| Time cosmic clusters | | Entries 783781 |
£ 85 pme w.- B i i i i i i i i
el - N o e -ll':'-5
N R R i B R A
EB+ o P (0.4
, —0.3
g |
i i — 0.2
0.5 )
; SR —0.1
(o
P 0
EB- . 0.4
L b . 0.2
gel ol Toolole BN M0 | | 1 i 1 1 1 1 |
1 21 41 61 81 101 121 141 161 181 201 221 241 261 281 201 321 341 _3-E'I

TOP BOTTOM "
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STOPPING POWER IN CMS CRYSTALS

The figure shows the stopping power of cosmic muons traversing ECAL as a function of the muon momentum as measured in
the tracker. In ECAL the enengy depaositis measured by the cluster energy matched to the track; the track length is estimated
from track propag ation inside ECAL crystals. Loose selection on the distance of closest approach of the track to the centre of
CMS is applied. Experimental data (dots) are compared to the total stopping power (dEfd x) in PbWO, (black cortinuous line).
The dashed lines are the comtributions due to collision loss (red) and bremsstrahlung radiation (blue). Data are displayed in the
rmomentum range where sufficient number of events survive the selections. Errors on the vertical scale are statistical only; emror
bars on the momentum represent the bin width.

Results indicate the comectness of the tracker momentum scale and of the enengy scale in ECAL calibrated with electron at test
beams.

=
=

dE/pdx (MeV em?/g)

1 Ll Lo L

‘ 10 9 b (GeVie)
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Strip Tracker Hit resolution

Strip hit resolution in TIB and TOB (after alignment)

— From comparison of measured and
predicted differences of hit positions in
region of overlap of two modules in a
same detector layer

backward predicted combined = reference

J Xpred2
—_

R ]
Xhit2 [

combined = reference

i

backward extrapolated '."
,’. forward predicted
Xpredl | _
Xhitl
Track angle = 10 10 =20 20 = 30 w =40
TIB 1.2 Measurement | 172219 143+£23 | 17432 257260
MC Prediction | 166205 118205 12406 175915
TIE 3-4 Measurement | 277236 1E5+3.1 | 161231 | 241 +67
MC Prediction | 2608 £0.7 194 +0E | 17.2£03] 21420
TOR 1.4 Measurement | 396+57 2B0+58 | 248 +65| 328+£83
MO Prediction | 394 £13 27T8+£1.2| 26503 32521
TOB 5.6 Measurement | 23.2£36 19536 20961 | X3 L."-'
MC Prediction | 228209 180205 192£1.2] 25416

Hit resolution measured on CRAFT data and predicted by the model
in the Monte Carlo Simulation, for the different local track angles

CRAFT Results for Approval
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