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Luminosity measurement of the LHC accelerator in CERN using
ALFA detector

On March 30, 2011 at 13:06 CET, the first highrggecollision between proton beams was realized oew
Large Hadron Collider (LHC) at the European Orgatian for Nuclear Research CERN near Geneva. This
event began the very expected research programperticle physics, the aim of which is to allow heople

to explore the secrets of nature being still hidttens.

The main aims of research programmes, which aneéedaout on LHC, belong to the field of recognizing
underlying phenomena of the matter. The objectiivéhis concern is to seek for and consequently fimel
Higgs particle, nature of the dark matter, supersgtny issues, studying the physics under condit@ose to
these, which took place immediately after the Ban® event, and finally, during the collisions in CHit is
also expected to uncover secrets which we nowaalayssuspect.

The accelerator alone, together with its detecsireyws the top scientific technological level o thuman race

of the 2% century. The LHC accelerator was constructeddirce tunnel approximately 100 metres under the
ground level at the Swiss-French border and itsyer is approximately 27 km. There are two tubeshich

the proton or the lead ions beams are accelerg@dst each other at energies up to 14 TeV. Therdoar
places where the accelerated beams are directedsagamch other and around them there are, in huge
underground spaces, four huge detectors — ATLASSCRLICE and LHCb. The first mentioned detector
having dimensions of 44x22x22 metres and weighfGffO tonnes is recognized as the biggest detector e
constructed. The objective of the detectors is dtclc as many particles as possible — these partae
generated during the collisions between acceleatatdns or lead ions.

The Czech Republic actively takes part in the erpemts which are being carried out on LHC. The most
significant part plays the Academy of Scienceshef €zech Republic, Czech Technical University iagee
and Charles University in Prague. In January 2@Hbacky University in Olomouc represented by thePRI
became one of the ATLAS project members. Our rebedivision takes place in simulations, measurement
and data evaluation on so called the primary ALTae®ector, which is intended for the absolute lursityo
(intensity) calibration of the proton beams for tiELAS detector.

ALFA detector is the scintillation trace detect@sajned for absolute luminosity evaluation. Detentonitors
proton trajectory elastically deviated at the amgie microradians in the interaction point of th@LAS
detector, in other words in the forward field oétimteraction point. ALFA detector consists of fatations,
two on each side from the interaction point indistgance of 240 metres (see Figure 1). Each statiastitutes

of a pair of so called upper and lower Roman pet (Eigure 2). Every Roman pot consists of a set of
scintillation fibres (Figure 2b) which are used fecording tracks of the scattered protons. Theadteristics

of the proton beam is unknown in this field andrake a reasonable description, it is necessaryate fthe
Roman pots with accuracy up to fion.
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Figure 1 — Arrangement of stations in the ALFA detetor.

< Regionalni centrum pokrocilych technologii a material(, Slechtitel@l 11, 78371 Olomouc
"’ rcptm@upol.cz http://www.rcptm.cz




Figure 2 — (a) Roman pot scheme, (b) set of scitdition fibres, (c) electronics overview.

Our workplace works on modeling separate detedioes unified ATHENA software environment, in which
the whole ATLAS project operates, and constructbrevaluative algorithms for the data processimgthle
case of modeling, we work on introducing the ALFatettor geometries to the measuring system inajudin
their material properties and real metrology. Thizdeling is necessary not only for understandirgpttysical
processes occurring in the forward field of the AB.detector but also for accurate track reconstoaif the
proton beam during luminosity measurements. Moreove also work on several evaluative algorithmetyp
for reconstruction and analysis of proton trackkicl are being used for determination of deteatsplutions
and luminosity.
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Figure 3 — (a) Example of visualization, (b)-(c) emples of proton beam reconstruction during testing

2 ~ Regionalni centrum pokrocilych technologii a material(, SlechtitelG 11, 78371 Olomouc
' rcptm@upol.cz http://www.rcptm.cz




