Tevatron Alignment Data Analysis

(V.Shiltsev, J.Volk)
Jim got raw Tev tie rod survey data for 2001,2003,2005,2006,2007. 

I have processed them and received following results 

Alignment system of the Tevatron Collider employs more than 200 geodetic “tie rods” installed in the concrete tunnel wall all over the ring , approximately 30 m apart. 
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Fig.1:  Vertical displacement of  more than 200 “tie rods” in the Tevatron tunnel over  the period of  2003-2005  and a 6 year period of 2001-2007 (data courtesy of J.Volk).
Position of the magnets is regularly locally referenced with respect to the rods while positions of the rods are routinely globally monitored. The rods elevations data  are available for the years of 2001,2003,2005,2006 and 2007. Fig.1 shows the change of the elevations around the ring accumulated over two intervals – 2 years (2003-2005) and 6 years (2001-2007). One can see that longer term motion has larger  amplitude. The variance <dY 2(L)>=<(dY (z)-dY(z+L)) 2> of the displacements has been calculated  and averaged over all possible time intervals. E.g. there are two 1-year intervals (that is 2005-2006, 2006-2007), three 2-year intervals (2001-2003, 2003-2005, 2005-2007), etc, and one for the 6-year interval 2001-2007. The results for 1-year changes and for the 6-year change are shown in Fig.2. A remarkable difference between the two plots is that 1 year variance scales linearly only up to L(900 m and does not depend on L beyond that scale, while the 6 years variance grows all the way to distances as large as 1800 m. Such a behavior indicates independence of the displacements of the rods located more than 900 m apart on the time scale of a year, and existence of a significant level of interdependence of the motion of distanced rods at the times as long as 6 years.  The calculated variances for all possible time difference can be well approximated by linear fits  <dY 2(L)> =a+bL over distances less than 900 m and the slopes (fit parameters b with the error bars)  are plotted in Fig.3. 
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Fig.2:  Variances of the averaged Tevatron tie rod vertical displacements over time intervals of 1 (multiplied by 6) and 6 years vs the distance L. 
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Fig.3:  Variances of the Tevatron alignment rods displacements per unit distance  vs the time interval between the measurements (see text).

One can see that the variance per unit distance grows with the time interval between the measurements, and can be approximated by a linear fit b(T) =cT with c=0.153±0.004 [mm2/km/year]. Such dependence is in accordance with the ATL law with coefficient ATevatron =c=(4.9±0.13)(10-6 (m2/s/m. 
Few more supportive Figures: 
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Fig.4:  Shows that a) the results don’t change much if one excludes regions at 3100-3500m and 5100-5700 m from the analysis; and b) that using the 1st difference and 2nd difference methods do not make a difference either
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Fig.5:  All the variances for all the time intervals (1…6 years) with error bars. 
