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Abstract

Since October 1999 we cary out continuous
measurements of the slow ground motion on and nearby
Fermilab site with a primary goal to provide experimental
data for the Very Large Hadron Collider (VLHC) and
Next Linear Collider (NLC) projects. Here we give a
general description of the experimental set-up, present
main results and discuss consequences for the colliders.

1 INTRODUCTION

Fig.1 shows genera layout of the experimental set-up
which consists of a hydrostatic level system, data
acquisition stations and a PC for communication with the
stations, data storage and processing. Hydrostatic level
system is based on principle of equal water levels in
communicating vessels. Each vessel is equipped with a
capacitive sensor and a thermal sensor and linked to its

metal and ceramics. Internal electronics of HLS forms
output voltage signals for the distance and temperature in
range 0-10 V. The signals are basically linear with
distance and temperature with a small non-linearity which
is typically a third order polynomial. Proper corrections
based on the factory calibration are being taken by the
computer. Each HLS is mounted on a heavy platform that
is set on the ground. The altitude of each can be adjusted
by using 3 screws which have a ceramic nib, for better
long term stability and for electrical insulation from the
ground.

Two electronic stations (0 and 1 in Fig.1) digitize
analog signals and send data to the PC once a minute
(fixed rate). Simultaneously, we measure air pressure and
amplitudes of vertical and horizontal vibrations by using a
system previously described in [1] (“seismo” in Fig.1). A
single RG213 cable provides power to all stations (total of
40V 2A DC) and carries data flow from the stations to the
PC and back.

neighbors by four %" diameter polyethelene pipes (2 for To estimate the system noise, we had installed all the
water and 2 for air connection). The air circuit betweeRILS probes side-by-side in a quiet, temperature stabilized
the vessels has only one small opening to the atmosphggealed) room in the basement of the FNAL Linac gallery
pressure. Water, being inexpensive, safe and a gofedt about 2 days starting 9a.m. Saturday, September 4,
electric conductor, is used as the reference fluid999. We found that thierst difference FDO1=(LO-L1)
However, it has a relatively large coefficient of dilatatiorbetween levels in the probe #0 and probe #1 varies by
which is temperature dependent (ab3{iC]*10° 1°C  about 1pm with characteristic period of 1 day (1440
for temperatures in the range 10-3D). Corresponding minutes) . The same period is seen in the average
temperature corrections are being made by computer @nperatureTm=(5Ti)/8 which varied by 0.0€ (from
base of the local temperature measurements. In a 210896 °C to 27.06 °C). The second difference
long system of water filled pipes, any perturbation resultpo112=(L0-L1)-(L1-L2) also varies with 1 day period.
in an equilibrium state after about 2-3 minutes. The second difference is of a bigger interest for
DY accelerators as it does better reflect dangerous random
magnet-to-magnet movements. Another important value
is the power of relative motion which occur over given
time interval. For that purpose, for any functigft) we
calculate the value oflispersion DY (T)=<(Y(t+T)-

S 1 b e o -\._H.' o
- T e | i, U Y(t))>>, where brackets <...> stay for average over all
| ! e T possible pairs of data separated by time inteéFv&lor the
s B—8—8—3 3 —8—8—8 noise measurements, we found thaSD0112 (T) is less
than 1um? for time intervals up to 2 days, and is about
worun B uwE s L7 0.03 um? for T=1 hour. These numbers set the system
:|I: rn #I'. 121 150 I |::|,,' anpm noise.

. . Future colliders, like VLHC[2] and NLC[3] will be
Figure 1: General layout of the slow ground motiogery sensitive to random motion of quadrupole magnets.
measurement system with hydrostatic level sensors.  Thg characteristic time and space intervals of interest are
) T=weeks-years anl=135 m (quad-to-quad distance) for
8 Hydrostatic Level Sensors (HLS) are developed by, VLHC, and up to % hour (time though to be needed

Fogale Nanotech (france) in cooperation with ESRE, heam-based alignment system to steer the elements)
(Grenoble, France). Each consists of stainless steel vessali | =10 m for the NLC. Our measurements cover the

capacitive sensor of displacement and platinum PTl(ange of T=3 minutes — % year antl from 30 m

temperature sensor. A non contact capacitive Sensor(minimum distance between probes to 210 m.
displacement measures thertical distance between the

free water surface and a round flat electrode made of




2 STUDIESIN PW TUNNEL separate the random and systematic components as

From October 1999 to February 2000 we carried our Ar=PArtAs=Ar*BT. To determine natural  random

: : contribution, we extracted temperature and systematic
measurements in the Fermilab PW (Proton West) tunnel. linear drifts and gotAg=(1.2+0.8)10° um?/s/m. From

o _W—W’ that , we can estimate “transition time” beyond which
i i the linear drifts dominate dt=30-60 m as T=(A-
M i — S e —" AR)/B=24 days. The lack of data points in spatial intervals

B N

T

£2_11_wa iy does not allow us to confirm or reject thelependence of
s the proposed models.
%" W An interesting observation has been made on
LT October 16, 1999 when an earthquake magnitude 7.0
TR TP SO e T Sy S o, (g e o) Sl Hlt |4 with epicenter at Mojave desert, CA caused some 1200
i i pm peak-to-peak absolute ground motion at the PW
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tunnel, and abouED06=30 um in the motion of two
MWM points 180 m apart. Simple estimate shows that as much

L as 36/1200=0.7pm of that motion can be transferred
R e omm R EE =R S into beam-relevant motion of the VLHC quadrupoles.

: 3 MEASUREMENTS IN AURORA MINE
i In April 2000, we moved the system of 8 HLSs into the

Conco-Western Co. mine (North Aurora, IL) — some 3
miles South-West of Fermilab.
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Figure 2; 91 days PW data starting November 12, 1999.
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This is an unused beam line for fixed target experiments e e R .
with a shallow (5 m depth) tunnel built by “cut-and- L
cover” method in 1970’'s. It has flat concrete floor that —
made quite easy the installation of 6 HLSs over total £ ;
length of 180 m (30+30+60+30+30 meter apart). An = = L e
important drawback of the tunnel was that it was not "Nk sk sk sk wm o wer m omn o nmo mu
possible to seal it completely, and there were huge i
temperature variations from one end to the other. Despite § w2 g
(sometimes, because of) few automatic ainditioning B L5 ', 4
units spread along the tunnel, average temperature als: —— " o

varied a lot — sometimes by fé@ a day, and some®@

over 3% months (see the second plot from top in Fig.2). , °" e T d e
Obviously it caused a lot of changes in the level readings, = S
e.g., as big as 150m are seen iFD26 - sensors 120 m B

apart, top plot in Fig.2 -and about 30um in SD2446 A e Y fie i
(the 3% plot from top). It is not clearly seen in Fig.2 — and e
will be demonstrated in the next section — but earth times £ ;... bzl ek e i
occur two times a day with some 20n peak-to-peak . R T o Ve
amplitude inFD26 but practically absent i8D2446 (and, t i ! Jadi !
thus, do not affect accelerators). Power of the latt
variation grows approximately linear with time
D_SD2446(T)= T *114 pm?day (see dashed line in the

bottom plot). There is a handy "ATL law” [4] which say This is a 200-300 ft deep multi-layer mine in Galena-

that the variance (mean square) of random ground mOtigl‘attville dolomite. Our 210 m long system was set at the

g[)ows Iitr]early .V\fth Ftimteh interval dag.?f disytiancehbereeHepth of 250 ft near the border wall of this 0.8dnftkm
observation paints. For the second dilierenane has- underground facility. During the studies the mine

. [_)__YZZXAXTXL 1) continued dolomite production and some 3 tons of
whereA is a coefficient. E.g., for the PW data8D2446,  explosives were detonated each day at around 3 p.m.
L=60 m, and we havé\=1.1x10° um%s/m. Making except weekends in different areas and at different levels
statistical analysis for all possible combination of probesf the mine. It is anticipated that the blasting will be
we get A=(6.4£3.6)x10° pm?/s/m. At larger time moved to the very opposite part of the mine from our
intervals a systematic ground motion can dominate tigstem — some 1 km away — in the fall of 2001.
random one as we see in the ploBOR446 which shows Ventilation system makes the temperature of mine very
some 40 um/month drift up. It was proposed in [5] to dependent on the outside temperature.
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‘I;:rigure 3: Aurora mine ground motion from December 1
to December 31, 2000.



The blasts strongly affect our measurements, as they 4 CONCLUSIONS, DISCUSSION

Calise Jumps in the sensor positions — e.g., see some 20 We have observed that slow ground motion in shallow

umdjump upDon 2?0-'6’t§§gg6and so(;nehctﬁjumptﬂovzn PW tunnel is some 10 times more powerful than in 250-ft
and up on Lec.1/7 In record shown 1n the top deep Aurora mine, corresponding ATL-approximation
plot of Fig.3 (probes are 180 m_apart). At the same pl%efficients are A=(1-10x10° umé/sim and A=(0.2-
one can see 20im variation two time a day due to tldes,z)x106 um?sim. At 1 month time scale temperature
2?? Somig:)sfzuzrg dm; m;eor 30 d?ys'rﬂ-ggg%seggndrelated systematic shifts dominate random ground motion.
inerence (pro €s m apart) a . ( Having thousands data points in time we have statistically
m apart) presented in the second and the third plots fr ven the ATL-like time dependence of the diffusive
the top do not contain any visible signs of the tide round motion, but 8 HLS probe system can not

(amplitude is less thanuin) but do show the blasting geisively prove the-dependence. We plan to develop a
jumps and the drifts, which often correlate with theg,, system with some 20 new HLSs with order of

average temperature variations (see the bottom plofagnitude smaller noise, and which will employ half-
DispersionD_SDO0336(T) for time intervals up 0 14 days fjjleq water pipes to reduce sensitivity to water
is shown in the second plot from the bottom, and can Smperature variations effects [6].

approximated a_SD0336(T) [um?=150+2ATL, with
A=6.9x10" um%s/m (see red lineL=30m). One can
associate excessive dispersion at small time intervals with
the blasts. Extraction of temperature correlated signals
and linear drifts leads to the average (over all combination
of the second differences and over all posdils80, 60,

90 m) value ofAz=(5.8+2.8)x10" um?/s/m.

=
o

Quad Displacement and Or bit Distortion, mm
OOOANONDO®

| !
054 | I |
! B 11 i Y | el I
%)
€ 04d [L=90m P | W
< 03] 10 Jower AL N e
5 0 50 100 150 200 250
€ 024 Cumulative distance, km
o
;_ 0.1 Figure 5: Closed orbit distortion in the VLHC 1 year after
S | initial alignment,Ag=1x10° pm%/s/m
oo |
g.5 shows quadrupole movements in the VLHC over
0 20 . 40. 60 8.0 100 1 year (bottom curve) and corresponding orbit distortions
Timeintervd T, min (some 8 mm maximum, 1.7 mm rms) calculated under

assumption of the ATL law withg=1x10° pm?/s/m. To

Figure 4: Dispersion of the ground motion for differenk®€P the orbit in the limitstd mm either regular
probe distances, measured on October 13-15, 2000.  "ealignment or 0.2Tm correctors are needed.

Emittance control in the NLC main linac depends on
There were no blasts over weekends as well as sometinie§ed of a beam-based alignment system, and the ground
the temperature does not change much as well, so one B3fon observed in the' Aurora mine is tolerable for 30-
use such records for analyzing “natural” ground diffusioflin fast system(3], while correction of the PW ground
at shorter time scales. For example, on a quiet weekend'§iSes would require 10 times faster system.
Oct. 13-15, 2000, the temperature variation was less tha¥Ve are thankful to M.Dunn M.Averett, A.Sery for
0.05C. The 2 days record analysis is presented in Figv&@luable assistance in our studies.
which shows the dispersion of the second differences
D_SD1447(T) (L= 90m, red circles) an®_ SD1223(T) 5 REFERENCES
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