Measurement of the betatron tunes and linear chromaticities on bunch number at collision. 

The 1.7 GHz Schottky pick-ups [1] were used to estimate the betatron tune and the chromaticity during the store, while beams are colliding with one another during ~ 20 hours.  The filtered and amplified signals are gated on relevant bunches. This gating together with the directionality of the pick-ups provide excellent separation between proton and antiproton and horizontal/ vertical signals.   Two Vector Spectrum Analyzers deliver four relatively clean ~1.265 MHz frequency spectra, concurrently.  The betatron lines are in good approximation Gaussian lines.  A single two-Gaussian fit is performed on both the upper and lower sidebands.  The tunes are extracted from the position of the Gaussian, the momentum spread from the average width (lower/upper sidebands) and the chromaticity from the difference of these widths. 

Under normal running conditions, the gates are set “on” for all bunches, separately for each beams.  We measure the tunes/chromaticity for the proton and antiproton beams separately, albeit averaging over all 36 bunches.  This mode of operation gives good signal to noise ratio and allows us to detect quickly ( ~ one minute) sudden changes in the machine, or to determine accurately longer term drifts.  The tune accuracy of a single tune measurement is approximately 2 10-4 and the chromaticity accuracy is no better than 5 to 10 units. Such measurements are taken approximately every 20 seconds. 

We studied the dependency of the antiproton tune and chromaticity using the following bunch gate settings: The proton (horizontal and vertical) gates are turned “on” for all 36 bunches, providing overall monitoring of the machine. The antiproton gates are turned “on” for a given bunch of each three twelve-bunch trains and all others are off. The antiproton signal gating on only one bunch in a given train is often too noisy to give reliable information. Averaging over the three trains can be justified based on the three-fold symmetry of the bunch arrangement in the machine, the symmetry of the tevatron lattice  and the fact that the proton bunch have all very similar characteristics. After ~ 1 minute measurements on a given bunch number, we change the gating and move to an bunch. A complete measurement cycle takes approximately 15 minutes.  

The common-mode noise of the pick-ups and associated electronics is relatively large during the first hour or two of the store.  This noise is associated to revolution line, and needs to be studied further.  Consequently, the frequency spectra obtained gating on only three antiproton bunches are a bit too noisy to extract good tune/chromaticity information for the first three hours of the store.  Thus, the measurements presented below started three hours after low-beta was reached.  

The proton tunes (averaged over all bunches) remain relatively stable during the ~25 hour store. (fig 5. 3.1)  The slow but noticeable decrease for the first few hours is commensurate with the expected decrease of the head-on tune shift. The origin of the small change occurring at the ~tenth hour is unknown. 

The antiproton tune decreases over the course of the store, due the change in the head-on tune shift, itself due to (i) mostly the increase of the emittances (ii) decrease of the bunch intensities.  The time evolution of the antiproton tunes for two selected bunches is shown on figure 5.3.1 and fig 5.3.2   A constant plus a simple exponential function  fits the data pretty well. While the lifetime is not a strong function of the bunch number, the size of the tune shift does depend on the bunch number. (see Table 5.1)  This dependency is shown more clearly on figure 5.1.3 
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Table 5.1. The time dependence of the antiproton tune for two bunches, corresponding to the data shown on figure 5.3.1 and figure 5.3.2   Fits are based on simple first order exponential function (
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The chromaticity is remarkably stable during the store, as shown on figure 5.5.1 and figure 5.5.2.  Since no time dependency is observed, averaging over the entire the data over the entire store seems fair.  If so, the chromaticity does depend on the bunch number within a train, as show on figure 5.5.3.  

Figure caption:

Fig 5.3.0 : The proton vertical and horizontal tune for store 3678, taken on July 27 2004. Time t=0 on this plot corresponds to the third hour of the store. 

Fig 5.3.1  The horizontal antiproton tune for the 6th and last bunch in the train during the store 3678. Each data point correspond to an average of a few measurements, taken within approximately one minute, at ~15 minutes interval. 

Fig 5.3.2 The vertical antiproton tune for the first and 6th bunch in the train during the store 3678. 

Fig 5.1.3 The horizontal and vertical antiproton tune versus bunch number within a 12 bunch train, after 3 hours into the store.  Data was taken over a period of three hours, starting three hours after the beginning of the store.  A linear model for the time dependence has been assumed to compute the tune values after three hours into the store.  

Fig 5.5.1 The antiproton horizontal Chromaticity versus time into the store (again, starting three hours after the beginning of the store), for the 6th and last bunch in the train.   

Fig 5.5.2 The antiproton vertical Chromaticity versus time into the store, for the first and 6th bunch in the train. 

Fig 5.5.3. The antiproton chromaticities versus bunch number, averaged over the entire length of the store.  The symbol size reflect the size of the statistical error bars – assuming the chromaticities remain constant over time. 

[1] A. Jansson, P. Lebrun, R Pasquinelli, Experience with the 1.7 GHz Schottky Pick-ups in the Tevatron,  Contribution to the European Physics Accelerator Conference-2004, ref. THPLT135
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Figure 5.3.0 
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Fig 5.3.1
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Fig 5.3.2.
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Fig 5.1.3 
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Fig 5..5.1
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Fig 5.5.2. 
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Fig 5.5.3 
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