Ground Motion

Power Spectrum P(f) [m*Hz]

f<0.1 Hz diffusive  "ATL"

{< o THy  Systemdic ‘A T8).¢ &y
PfHl=k/f ,k=1~ 100 nm*Hz
f>0.1 Hz elastic ‘waves” -
ocean swell 0.2Hz 44
P =1/ cultural noises  1~100Hz

crustal resonances 3Hz
u earthquake

Example of ATL

o =<Ay>*"=ATL
= {,ﬂ.}f}g {AL
for QCA1,
L is a distance betwen 2 QC1's, L= 4~8.4m,
<Ay>*=1 nm?, and A =40 nm“/m/sec at KEK,

T=6.25 ~ 2.98msec
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Modeling systematic motion

Rms AY for AL=33m.

Typically systematic motion dominates for

L > days-weeks time scale,
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Influence of atmospheric pressure

a0l -
Very slow variation of external atmospheric pressure S el
| . E . / [tk ramoyad from )
result in tunnel deformation. Explanations: landscape 2000 -

and ground property variations along the linac:
Fala i e s R

e 1;;!_ APh AE

¥ (micren)
e

LA Ah = 000
’J""”/;r’f’;fg;,—ff E E _
———— -
Observed Ah=50um for AP=1000 Pa is consistent with RO BT ey

these estimations if AE/E=0.5, h~ £~ 100m, ¢~0.5 and E~107 Pa.

Assumption E~10” Pa is consistent with SLAC correlation measurements. \\* zak | E
2pll+v)

AP Taking v=500m/s
Ah=—!I"%a (at ~5Hz, Le. A~100m)
E and p=27* 10" ke/m?,
£- length of landscape change, we pet E= 10°Pa

¢t - variation of the nonmal angle
to the surface
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SLAC tunnel drift studies

Unexpected facts:

* The tidal component of

maotion is surprisingly
big ~1( micron,

* Motion has strong
correlation with external
atmospheric pressure.
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Horizontal and vertical displacement of the SLAC linac tunnel

and external atmospheric pressure.
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Atmospheric pressure again

1 457 - -
Coarrolation of ouiside pressure and X ar Y
all Hala o Al data. Frequency I:-B.M de-51o0 183 Hz
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orrelation X or Y and atmospheric pressure 15
{_i‘ﬂl.i_l I““n,‘{ o I::l datmo el _‘F Sost 3 “A" vs amplitude of atmospheric pressure spectrum al”.
stenificant fram 1O up to about (0,003 He,
Spectra of pressure also hehave as ~ aPfo?
The amplitude of “A* correlates with amplitude

of pressure spectrum aP,

The ratio (X/P) almost does not depend on Spatial A does not depend on [, but given
frequency in 10° -0.003 Hz and is aboul => spectra of  landscape/ground properties,

Opm/mbar in Y and 2pm/mbar in X.
AuSeryi



Tl = IV ITEAL BRIFFEED WP ISR T W

“A” versus Young’s modulus

Spatial variation of ground and/or landscape + variation of atmospheric
pressure is a major cause of diffusive-like motion of the SLAC linac tunnel

The spectra ol ground properties/landscape vary as 1/k*, the spectra of
pressure bechave as 1/w* and together they give T/{(m k)? that is (or mimic)

diffusive motion

(1/k= justilies extrapolation of 2 mile base measurements to shorter scale)

(spatial shape of landseape/properties is diffosive in space but stationary in time)
For other mechanisms of diffusive maotion this may be different).

For the shallow tunnel, the “A” scales as 1/E2 or 1/v4 11!
Look for strong media, (higher Young’s modulus E or shear velocity v)!

A Seryi



Ground motion induced beam offset at 1P
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rms beam offset at IP:
= HP{m,k]G{k]-F{m}-dk~dm

(k) - speciral response function

F{w) - performance of inter-bunch feedback

P(@,k) -2D spectrum of ground motion
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IP beam offset for different GM models

Ground motion models

»  SHERA™ --noise level as in HERA and
SLAC (. Extremely noisy, moderate
correlation,

«  SSLAC 2am™ -- nol oo noisy, moderate
correlution.

«  “SLAC 2am and vifi=3km/s” -- nat too
noeisy, good correlation,

»  “LEP and vif)=3km/s" -- extremely quict.
good correlution

Too pessimistic:
“HERA™ - noise level did not matter,
so nohody care
Too optimistic:
| “LEP” - one cannot avoid adding cultural
noise in real LC tunnel

rms Y offset, nm

4
-
i

0.01

10+

aabic
pavel

HERA®
"SLAC 2am”

APl el

"SLAC 2am & v=3km/s

*LEP & y=3kms’
I A A s B

i L e £
B — .
0.1 1 10 100

Frequency, Hz

IP rms beam offset for different GM models,
new FF v.ff01, FD supported 8m from IP.

Need to understand:
what we can do using anti-GM methods,

what will be the noise level in the LC tunnel
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