V.Shiltsev (Feb 25, 2009)

1st of all – many thanks to K.Oide for sending me an ASCII file with the KEK-B data which I used for the ATL  analysis ( references on the latter can be found  [1])
Orbit Drifts in TRISTAN and KEK-B Positron-Electron Collider

TRSITAN is a high energy accelerator in Tsukuba (Japan), which was in operation as positron-electron collider in 1986-1998. Its tunnel has about 3.0 km circumference, has 0.8 m thick concrete walls and set at a depth of approximately 12 meters below the surface. The energies of the beams of positrons and electrons were up to 32 GeV.  

Long term 8 GeV beam orbit drifts over several periods of a few days each have been reported in Ref.[2] and are shown in Fig.2. Full circles in the figure are the rms values of the beam positions xi in all N=392 BPMs while the open circles represent the rms of the position changes during operation cycles between successive corrections of the orbit, i.e. σ=(Σ(xi-xi0)2/N)1/2.
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Fig.3:  Changes of rms vertical and horizontal orbits in TRISTAN ring (from Ref. [2]).

Note that the horizontal COD is smaller than the vertical one. At large orbit distortions, the beam current circulating in the accelerator degraded significantly so that a correction of the orbit was needed toward the “ideal” orbit (sharp drops at points D, E, H, and some others in Figure 1). 

[image: image2.emf]
Fig.2:  Variance of the TRISTAN orbit variations [1].

Analysis of the data presented in Figure 1, shows that the variance of the COD grows with the time [1] – see Fig.2 – and can be approximated by a linear ATL fit  with coefficient  ATRISTAN=(27±7)(10-6 (m2/s/m. 

After the end of the TRISTAN operation, a new higher performance KEK-B positron-electron collider was built in the same tunnel and started its operation in 1999. 
That collider consists of two intersecting rings set side-by-side – one for 8 GeV electrons and another for 3.5 GeV positrons. Tight sub-mm control of  the ring’s 3-km circumference is critical for the collider operation. Fig. 3 below shows 4 month record of the positron ring circumference change [3]. 
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Fig.3:  KEK-B circumference variations from March 1 to June 30, 2002 [3].

If  linear trend is excluded from the data (see upper and lower curves in Fig.3) then the variogram of the circumference change ΔC after a time interval T scales linearly with T  - see Fig.4 - as expected from the ATL law <ΔC2>=2ATC with AKEK=(27±3)(10-6 (m2/s/m – in a remarkable agreement with the TRISTAN orbit drift analysis results presented above.
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Fig.4:  Variance  of the KEK-B circumference variations; black line is for raw data, red line is for the data with linear trend subtracted, dashed line is a linear fit.

PSD of the circumference change is  presented in Fig. 5 and shows distinctive peaks  at frequencies of  ~2/day (some 15 (m changes due to ground expansion due to solar and lunar tides) and some 30 (m peak due to daily temperature changes. The circumference also found changing due to air pressure variation, especially during the time when a typhoon hit the area [3] (not in Fig.3).   At very low frequencies less than 10-5 Hz , the PSD scales approximately as 1/f 2.1±0.2 , also in decent agreement with ATL prediction of PSD~1/f 2 [1].   
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Fig.5:  Spectrum of the KEK-B circumference variations [3].
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