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hThis 
ontribution summarizes the method ATLAS intends to exploit to determinethe LHC ma
hine luminosity. The measurement is performed during dedi
atedruns, where elasti
ally s
attered protons are dete
ted at very small angles, and theluminosity is extra
ted from the theoreti
ally well known Coulomb 
ross-se
tion.The same data are used to normalize a luminosity monitor, whi
h then providesthe instant luminosity during normal physi
s running. The physi
s method isdes
ribed, as well as the experimental devi
es and the expe
ted performan
e.1 Importan
e of the luminosity measurementFor many measurements at the LHC (like 
ross-se
tions and bran
hing ratios) theun
ertainty on the integrated luminosity dominates the �nal result. One promi-nent example is the measurement of the Higgs boson properties. In the relevantmass range, the expe
ted pre
ision of the measurement of the H ! ZZ(�) de-
ay probability is about 12% if one assumes the luminosity is known to 10%; thisnumber improves to 6% when the luminosity is known to 5%. Other standard
ross-se
tions, like in
lusive W and Z produ
tion, provide important tests of QCDand fa
torization, and bene�t from an a

urate luminosity determination.A pre
ision of 5% is generally quoted to be a realisti
 goal using a 
ombinationof measurements obtained from LHC ma
hine parameters and well-known QEDpro
esses, like pp! p+ l+l�+p. The goal of the ATLAS experiment is a pre
isionof 1% to 2% through the measurement of proton-proton elasti
 s
attering in theregion dominated by photon ex
hange.2 Luminosity from elasti
 s
attering in the Coulomb regionIf one 
an dete
t elasti
ally s
attered protons at small enough angles, i.e in a jtj-range sensitive to the Coulomb and nu
lear intera
tions and their interferen
e,then a measurement of the protons angular distribution provides a simultaneousdetermination of the luminosity, the total hadroni
 
ross-se
tion, the �-parameterand the proton nu
lear slope. One 
an write:dNdt = L� (fQED(t) + fN(t))2 ; (1)�tot = 4�=(f(t = 0)); � = =(f(t = 0))<(f(t = 0)) (2)where f = fQED+fN , fQED is the well known ele
tromagneti
 amplitude, fN is the

 Institute of Experimental Physi
s SAS, Ko�si
e, Slovakia 1



2 Maarten BoonekampFigure 1. Left: the Roman pot devi
e. Right: a simpli�ed view of the dete
tor geometry.

nu
lear amplitude, and the se
ond relation expresses the opti
al theorem. Hen
e,inje
ting the expressions for the ele
tromagneti
 and nu
lear s
attering amplitudes:dNdjtj = L���2�QEDjtj + �tot4� (i+ �) exp�bjtj=2�2 ; (3)and the angular distribution dN=djtj gives a

es to L, �tot, �, and b. This methodhas previously been employed by the UA4 
ollaboration [1℄.3 Experimental setup and expe
ted resultsThe dete
tion of forward protons relies on s
intillator dete
tor arrays, pla
ed insideRoman pot devi
es at about 240 m from the intera
tion point (IP).Two Roman pot stations are foreseen on ea
h side of the IP, ea
h holding as
intillator �bre tra
ker. A tra
ker 
omprises a trigger s
intillator, an array ofverti
ally staggered square �bres for x-posision measurement, and a horizontallystaggered array for y-position measurement.ATLAS plans to use the Roman pots designed by the Totem 
ollaboration [2℄,as displayed in Figure 1, and manufa
tured s
intillator �bres for the tra
kers. The�bres have a se
tion of 0.5�0.5 mm2, the total dete
tor surfa
e is 3�3 
m2, and itsthi
kness is 5 mm. The intrinsi
 position resolution of the system is found to be 25�m in both 
oordinates.A

essing the Coulomb region requires that the jtj-a

eptan
e of the systemrea
hes a few 10�4 GeV2. This 
an only be a
hieved with dedi
ated ma
hine opti
s(namely a very parallel beam, with �� =2625 m), and assuming the beam 
an beapproa
hed by the tra
kers to about 10 times its transverse size at the dete
tionpoint. The luminosity resulting of su
h opti
s is typi
ally L�1027 
m�2 s�1.



Luminosity measurement in ATLAS 3Figure 2. Simulation of the angular distribution of elasti
ally s
attered protons, and results of a�t to Eq. 3.

A Monte-Carlo simulation of the measurement was performed, and is illustratedin Figure 2. At this level, perfe
t ma
hine opti
s were assumed, and no expli
itba
kground simulation was in
luded. However, on
e the LHC operates reliably, thema
hine opti
s should be known suÆ
iently well not to be
ome a large sour
e ofun
ertainty. In addition, 
onsidering the low luminosity at whi
h the measurementis performed, thus the relatively favourable ma
hine ba
kground 
onditions, a more
omplete result should not di�er signi�
antly. Under the above assumptions, aluminosity pre
ision better than 2% seems rea
hable. Simultaneously, the total
ross-se
tion is measured to 1%, the �-parameter to 0.5%, and the nu
lear slope to0.7%.4 Luminosity transport and monitoringThe above system allows for a pre
ise luminosity measurement at L�1027 
m�2 s�1,and the result is still to be extrapolated to normal running 
onditions.ATLAS intends to implement a Cerenkov dete
tor at high rapidity, 
overing5:4 < j�j < 6:1. This dete
tor, 
alled LUCID, is 
omposed of 1.5 m long proje
tivetubes, of diameter 1.2 
m, and lo
ated at about 17 m from the IP. This system
olle
ts the light emitted by parti
les 
rossing its a
tive volume. Be
ause of itsgeometry, it is able to disriminate eÆ
iently between primary parti
les 
omingfrom the IP, aligned with the tubes and 
rossing most of the a
tive volume, andse
ondary parti
les not aligned with the tube axis. The dis
riminating power isillustrated in the left part of Figure 3.LUCID is a parti
le 
ounter whose response is expe
ted to be proportional tothe number of parti
les produ
ed at the IP. This is 
on�rmed in the right part ofFigure 3, where the response as a fun
tion of the number of intera
tions per 
rossingis shown. As 
an be seen, ex
ellent linearity is observed from one intera
tion



4 Maarten BoonekampFigure 3. Left : Light yield for mimimum ionizing parti
les 
rossing LUCID, as a fun
tion oftheir in
iden
e angle. Right : response of the system as a fun
tion of the number of intera
tionsper bun
h 
rossing.

per 
rossing (whi
h 
orresponds to very low luminosities) to 25-30 simultaneousintera
tions, 
orresponding to high luminosity physi
s running 
onditions. Thus,normalizing LUCID's response to the absolute luminosity measured during thespe
ial runs and s
aling to the response observed during physi
s running providesan adequate instant luminosity determination.5 Perspe
tivesThe 
urrent performan
e estimate relies on realisti
 dete
tor assumtions, but as-sumes perfe
tly known ma
hine opti
s, and does not in
lude expli
it ba
kgroundsimulations. In
luding the above e�e
ts and quantifying their impa
t is in progress.The presentation given here is obviously very short and does not do justi
e tothe amount of work involved. Full details of the system design at this stage 
an befound in [3℄.A
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