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Abstract 
This paper explores how to fit the decay of the 

luminosity in the Tevatron. The standard assumptions of a 
fixed-lifetime exponential decay are only appropriate for 
very short time intervals. A "1/time" functional form fits 
well, and is supported by analytical derivations. A more 
complex form, assuming a time-varying lifetime-like 
term, also produces good results. Changes in the 
luminosity can be factored into two phenomena: The 
luminosity burn-off rate, and the burn-off rate from non-
luminosity effects. This is particularly relevant for the 
antiprotons in the Tevatron.  The luminous and the non-
luminous burn rate of the antiprotons are shown for 
Tevatron stores. 

INTRODUCTION 
This paper covers two related topics: (1) The functional 

form of the luminosity decay and (2) the luminous and 
non-luminous factors in the Tevatron luminosity decay. 

The decay of the luminosity in the Tevatron is crucial to 
understand: The number of high-energy physics events 
seen by the experiments is directly proportional to their 
integrated luminosity.  This integrated luminosity depends 
only on two factors: The luminosity at the beginning of a 
proton-antiproton store, and the way in which the lumi-
nosity decays away.  The functional form of this decay is 
described here.  

A simple exponential decay fits the luminosity decay 
poorly.  But given the wide acceptability of this functional 
form, it the accepted fit form at Fermilab.  In order to use 
this form, fits are restricted to two hours.   

This paper explores two different assumptions for the 
luminosity decay.  First, an exponential form is assumed, 
but with a time-dependent lifetime-like term within the 
exponential.  The second, based on the analysis of our 
companion paper [1], has a functional form of one-over-
time.  Both functional forms work well, much better than 
a simple exponential decay. 

Armed with an effective way to characterize the lumi-
nosity decay, it is possible to calculate for any store the 
relative contribution of the change in the antiproton inten-
sity due to the luminosity (called the “luminosity burn 
off”) to the decay that is not due to burn off.  The last part 
of this paper analyzes this. 

FUNCTIONAL FORMS 
These three functional forms of the luminosity evolu-

tion are considered. 
 L (t) = L (0) exp (−t / τ )     (1) 
 L (t) = L (0) exp (−t / T (t) )    (2) 
 L (t) = L (0) / (1+ t / (τ0 C3))

x(t)    (3) 

 T(t) in the second form is: 
 T(t) = T0 + C1 * t C2 (2.1) 

The four parameters L (0), T0, C1 and C2 are allowed to 
vary in each fit.  The time dependence of the exponent in 
(3) is a simple two-parameter linear function of time:  
 x(t) = C3 + C4 t (3.1) 

(The luminosity decay that is used in the operational 
model [3] uses equation 2 because it gives the most accu-
rate fits for the widest range of stores.) 

A typical (good) store from early in 2005 (number 
4081) is selected to show the quality of these fits.  The 
Minuit software package [2] is used to perform the fits 
(see Figure 1).  These fits have the following parameters: 

Eq. 1: L (0): 80, τ: 15.5, χ2/DOF : 3517 
Eq. 2: L(0): 109, T0: 2.2, C1: 2.3, C2: 0.525 χ2/DOF : 48 
Eq. 3: L(0): 106, τ0: 4.3, C3: 0.53, C4: 7E-3, χ2/DOF : 37 

 
Figure 1: Minuit fit results for three types of functional 
forms: Green is (1); (2) and (3) are buried within the red 
data markers, for store #4081.  The luminosity is meas-
ured at the CDF experiment and is in the units [cm2 sec]−1 

 
Figure 2: Fit residuals for store #4081. 

It is obvious that the simple exponential form is not 
adequate.  The fit residuals are shown in Figure 2; the 
residual for the exponential fit is about 25 at t=0.  The 
green plusses are the residuals for the simple exponential 
fit, equation 1; the red diamonds are for equation 2; and 
the blue squares are for equation 3. 
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The luminosity for each of the 36 individual bunch col-
lisions in the Tevatron is also measured, and equivalent 
fits have been performed.  Similarly, good fits are ob-
tained from equations 2 and 3. 

The exponent to the denominator for the fits using 
equation 3 is derived to be unity [1].  A fit is performed 
where the exponent is allowed to vary, but is independent 
of time (C4=0). Figure 3 is the same as Figure 2 except 
only two fits are shown: for the fit to equation (3) with the 
time-dependent exponent (green plusses), and fits to equa-
tion (3) where the exponent is independent of time but 
allowed to float (red diamonds).  

Again, assuming C4=0, then for the stores from the past 
12 months, we get the time-independent exponent versus 
the store number, as shown in Figure 4. 

 
Figure 3: Comparing residuals for equation (3) with the 
exponent not time dependent (red diamonds) and time 
dependent (green plusses). The units on the vertical scale 
are [cm2 sec]−1 . 

 
Figure 4: Initial value of the time-independent exponent 
to equation (3) versus store number (time). 

There is clustering around unity, verifying the results of 
our companion paper [1]. 

BURN RATE OF ANTIPROTONS 
The rate at which the antiprotons are removed (“burned 

up”) from the Tevatron due to the luminosity is calculable 
directly from the total proton/antiproton total cross sec-
tion: 
 dN(A) / dt = −0.252 × ΣL i  (4) 

Here, the number of antiprotons, N(A), is expressed in 
units of 109 particles, and the sum of the luminosities over 
the experiments is expressed in unit of (cm2 sec)−1. The 
value 0.252 is derived directly from the total proton-
antiproton cross section at 1.96 TeV, 70 millibarns.  The 
summation in equation 4 is over the two experiments in 
the Tevatron: CDF and D0.   

The Tevatron antiproton bunch we call “1” collides 
with the proton bunch we call “13” at CDF and with the 
proton bunch we call “25” at D0, etc.  The luminosities 
coming from these individual bunch collisions are meas-
ured directly by the experiments.   

Using functional form (3), the decay in the number of 
antiprotons in each bunch within the Tevatron is fit for 
recent stores in the Tevatron.  From this fit, the change in 
the intensity of the antiproton bunch is calculated numeri-
cally at each moment.  Given the luminosity measured at 
each experiment and the relationship given in equation 4, 
the change in the antiproton intensity that is due to lumi-
nosity burn-off is calculated.  These two quantities are 
subtracted, leaving the change in the intensity that is not 
due to luminosity burn off. 

 

 
Figure 5: Antiproton intensity change [E10 / hour] for the 
collisions involving antiproton bunches number 1, 2, 3 
and 4 versus time [hours] in store 3739. 

This analysis is performed on the fitted functional form 
because the actual data are too noisy to produce clean 
results.  A typical calculation for four of the 36 bunches 
within one store is show in Figure 5.  These four charts 
are the intensity changes for antiproton bunch numbers 1, 
2, 3 and 4 of store number 3739.  In each chart, the verti-
cal scale has the units of intensity change per hour [(E10 
particles)/hour].  The blue line in each chart is the change 
in the intensity per hour, calculated directly from the fit of 
the CDF luminosity data.  The red line is the change in the 
intensity expected only from luminosity burn off, equa-
tion 4.  The green line is the difference between the total 
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intensity change and the intensity change that comes from 
only the luminosity burn-off.  The error bars, as deter-
mined from the chi-squared per degree of freedom, are 
about equal to 0.1 units.  These results are typical. 

This analysis has been expanded to all bunches for sev-
eral stores.  Some patterns emerge.  As shown in Figure 5, 
the dominant mechanism for losing antiprotons at the be-
ginning of a store is through luminosity burn off.  Also, 
during the course of a store the relative magnitude of the 
non-luminous burn off increases with respect to the total 
burn off.  For most stores and bunches, the time at which 
the luminous and the non-luminous burn offs are equal is 
between 10 and 20 hours into the store. 

These results can be seen equivalently as follows.  
Looking at these data from several stores, we calculate the 
fraction of the total burn off that is due to the luminosity 
and that is due to everything else.  Figure 6 shows these 
fractions, averaged over the 36 bunches (with statistical 
errors) at the beginning of the store.  Figure 7 is for 2 
hours in and Figure 8 is for 10 hours in. 

CONCLUSIONS 
The decay of the luminosity is not described accurately 

by a simple exponential function.  Good fits are obtained 
with a time-dependent lifetime-like term, or with a “one-
over-time” functional form as described in our companion 
paper [1].  Either of these two functional forms provides 
adequate fits, both for the total luminosity or for the lumi-
nosity as measured bunch-by-bunch. 

Using the fits results allows us, on average, to calculate 
the burn-off of the antiproton bunches in the Tevatron 
during the store and to determine the portion of this burn-
off that is due to luminosity and that which is due to other 
non-productive effects.  Most bunches in most stores ini-
tially have the bulk of their antiproton losses from lumi-
nosity burn-off.  But by about 10 hours into a store, half 
of the antiproton burn-off is due to effects other than lu-
minosity. 
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Figure 6: The fraction burn-off rate of the antiprotons at 
the beginning of several stores, averaged over all 36 
bunches. Upper (red) points are the calculated change due 
to luminosity burn off; the lower (green) points are the 
calculated non-luminous burn-off. 

 
Figure 7: The fraction burn-off rate of the antiprotons at 
the 2-hour point of several stores. 

 
Figure 8: The fraction burn-off rate of the antiprotons at 
the 10-hour point of several stores. 
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