On fluctuations of measured luminosity in the D0 detector

V.Shiltsev, D.Denisov (November 2005)

Below we present a short analysis of the luminosity measurements as reported by D0FZTL channel (D0 total instantaneous luminosity in the units of e30 cm-2 s-1). One store #4477 (November 2005) has been analyzed which had initial luminosity of about 160e30. Luminosity evolution during that store is given in Fig.1:
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Fig.1: D0 luminosity in store #4477
Out of the luminosity data, one can calculate rms fluctuations of the luminosity reading – see Fig. 2 where it was done for every hour of the store: 2 min after beginning of every hour, the average was subtracted and rms of the residual calculated. Each 2 min interval contained 120 data points, but actual reporting rate was once in 6 sec – integration time of the D0 luminosity monitor. 
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Fig.2: D0 luminosity fluctuations (rms) in store #4477
At first look, one could conclude that the rms error of the luminosity data scales approximately linearly with luminosity (see Fig.3). 
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Fig.2: The rms D0 luminosity fluctuations vs luminosity in store #4477 (VS 2005)
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Fig.4: Theoretical prediction for the luminosity fluctuations (D.D. 2005) 

Due to the method of the luminosity measurement in which the number of “zeroes”  - bunch crossings with no interactions – are being  counted, the relative rms error should be dependent on luminosity. For example, the error should grow at low luminosities and at high luminosities when number of zeros goes down due to low rate and due to low probability of “no-interaction”, correspondingly – see Fig.4. 

One can estimate the rms relative error of the zero-count method as  follows: 
dL/L= exp((/2)/((fT)1/2



(1)
where T=6s is the D0 integration period for counting “zeroes”, and ( is the average number of detected interactions per crossing (=f-1 σ L or for the Tevatron D0 parameters (=0.028(L[1030] (here, f – effective frequency of bunch collisions ~1.7MHz=36/53*2.5 for 396 ns bunch separation, σ=50mbarn - total p-pbar cross section (luminosity detector acceptance). The store #4477 data are in a good agreement with Eq.(1) – see Fig.5:
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Fig.5: Comparison of the dL/L for store #4477 and Eq.(1)
Unexplainably, there was no quantitative agreement found for store #8700 (L=400 in 2011)  - see Fig.6 .
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Fig.6: Comparison of two stores #447 (2005) and #8700 (2011)
Note that some analysis of luminosity fluctuations had been done by E. Mcrory for early stores in Beams-doc-1184-v1 (2004)
