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ATL: The Story Continues

1. Introduction: what ATL is about
* an example of diffusion

what did we know 1n 1995

2. Critics so far:  R.Pitthan

A.Verdier
others welcome!

3. New data on ATL: SLAC
Japan |
LEP orbit diffusion
Fermilab & around
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in 1965 - 1968 (from Ref.[19]).
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445\5‘. ATL Summeny lable ((N.>tdAev, TWAATS)

Table 2: Ground diffusion observations

Site A, 1075 £ T L Depth
UNK, Protvino 10 2 yr. 50-500 m \ 0 m
UNK, Protvino 10£5 1-10 hrs. 5-10 m V,H{ Om
SLAC Linac 20£10 17 yr. 50-1000 m V | 0-5m
SLAC PEP 10+5 20 mos. 20-200 m \ ~10
PS pillar 0.2+0.4 2.5 yr. 10 m H 0 m
SPS CERN 1+14 3-12 yr. 60 m - 2 km V | ~20m
LEP CERN 0.7+0.9 9 mos. 40 m-1km V | 230m
Pinon Flat 0.01 1 yr. 24 m H 0 m
TRISTAN KEK 0.5/0.04 4 days 425m/12.5m | V 12 m
Sazare mine 0.001+0.015 1 week 48 m Vv 60 m
Esashi station 0.033+0.005 0-4 yr. 50 m V | 300 m
Orbit of TRISTAN 4,343 2 days ~20 m \Y% 12 m
Orbit of HERA-p 1.5+1 1 s-5days ~50 m \Y% ~25m
Orbit of HERA-e 0.440.1 1 s - 1 month ~24 m V | ~25m
1 @ mocs obtarvatiouae smer 4445 (see bolow)
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Ground Diffusion Observations: Region of T and L Intervals
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Elevation, mm

LEP, January 1994
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FIGURE 15. Ten-year time dependence for the accumulated rms of magnet off-sets from each other in
P1. This busy picture requires explanation. The circles are rms-values calculated by taking the restored
difference data as they are. The sharp bend in the curve for the circles in 1994 focused attention on the two
groups of curves seen in Figures 12 and 13 and was unexplainable, until the question of an earthquake came
up. A fairly large earthquake happened just at the right time to explain the change (December 1994). Two
explanations for the mechanism are possible: (1) the tectonic speeds of fault lines was actually changed,
making the rms - values grow slower, or (2} a one time change in position of some magnets which was
not accounted for in the database because the earthquake happened after the data were taken. The data
of Figure 12 support more the second possibility. Rms values are calculated by differences in quadrature.
Therefore, in first order a model (1 4+ @)™, n years passed since the earthquake, seems to be the right Ansatz.
From the actual magnet movements by year 10% was estimated for a, a fit gave 12%, resulting in a change
of 1.06" for the change to the rms (V symbols in the upper right of the plot).



Comparison of LEP data and ATL prediction
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measured.

deterministic movement of differences in P1 by year
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FIGURE 14. From the data of Figure 13 are derived the slopes of movements in mm/year for all magnets

with average movements of more than 25 pm/year.’
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difference in mm
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One of differences from Fig.14 of SLAC-Pub-8286

after subtraction of appropriate smooth curve
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Figure 2. (a) The varlance of relative displacements of quads that occurred 1 vs.

distance between quads. (b) The varlance of relative displacements q thet
occurred 1888-1991 vs. distance between quads. (c) The variance of relative
displacem uads that occurred %ﬂl vs. distance between quads.
(d) The varlance of relative displacemen quads that occurred 1976-1988 vs.
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Evidences of Diffusion at CERN
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Diffusion of vertical orbit in LEP (fill 3030)
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Figure 3: The measured motion Az, Ay of the middle
magnet with respect to the end magnets in section 1.
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Figure 4: Calculated A constant as a function of the time
interval AT in the ATL rule. The three different curves
refer to the horizontal (solid) and vertical (dotted) data of
section 1 and the horizontal data of section 2 (dashed). The
upper results include all data. In the lower case the data be-
tween 100 and 120 hours (see Fig. 3). was excluded. The
perturbing effect of an FFTB access was such eliminated.
The A constant was determined over a distance of approx-
imately twice 15 m.
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SLOW QUAD MOTION
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SLAC LiNnac \unnel (1449 -2000)

NLC - The Next Linear Collider Project

Tunnel motion. Diffusive in time
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17 years SLAC NNNel Motion = SySTEMATC + RANDOM

cié(\\dz o As»'\'z-L + ATL
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Figure 2: Displacement of some points of SLAC linac tun-

nel from 1966 through 1983 versus time and the approxi- )
mation in Eq. (2) with 7 = 30 and ¢, = 2 years. | e The systematic+ATL model.s
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Table 1: ATL coefficient in Japan go“ é"'"z/u/s
No Site Name A (nm’/m/sec)
1 Tunnel of KEKB 4.0E+01
2 Rokkoh-1 3.6E+01
3 Rokkoh-2 3.3E+01
4 Miyazaki 1.5E+01
5 Kamatshi-1 1.4E-01
6 Kamaishi-2 5.7E-02
7 Sazare 5.0E-02
8 Esashi-1 5.7E-03
9 Esashi-2 2.0E-03
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Scheme of Ground Motion Measurements
in Aurora Mine and FNAL PW Tunnel

to a PC and Power Supply
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<dYA2>, micron2

"Quiet" Weekend in Aurora mine (10/13-10/15)
ground diffusion <dY~2> vs Time for distances of 30 and 90 m
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Ground diffusion dY~2 at T=90 min vs L
in Aurora mine, quiet weekend of Oct.14, 2000
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Summary:

1.slow relative ground motion (min-years) consists of
tides (=20 um at 200 m T=1/2 day),
rare remote earthquakes 10 um at 200 m (30s)
thermal effects (=5-10 um/°C/100m in PW)
air pressure effects (60 um/week/3km at SLAC)
systzratic meticn (PO 2 3 um/daw - sitel)

and  diffusive ground motion
which follows the "ATL-law"

2. At 1995 IWAA 14 observations of the ATL were
reported. New evidences since that time:

FFTB wire A=(0.2-0.5)E-6 um“2/m/s in Time

SLC laser system A=1.4E-6 in Time
Six sites in Japan A=(0.06-40)E-6 in Time
LEP closed orbit A=1.2 E-5 in Time
LEP 7-yr alignment A=3E-6 in Time
FNAL PW tunnel A=1E-5 in Time
SLAC tunnel 17yr A=1E-5 in T&L

Aurora mine, IL A=0.5E-6 in T&(may be) L



3. Criticism of the ATL-like phenomena in LEP

alignment dat a (so far) seems to be erroneous

We plan to carry out wider-scale slow ground
motion measurements for NLC with some 20 HLS
probes

in FNAL MI tunnel

in deep Aurora mine

in SLAC FFTB tunnel
which should allow to study both spatial and
temporal characteristics of the ground movements
simultaneously



