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The aims related to the ILC project
• Develop the C++ version of the GM model 

implemented before for the LIAR code in 
Fortran;

• Provide benchmarks for different types of GM 
spectra;

• Incorporate the GM model into CHEF;
• Implement the dynamic steering algorithm  

under GM perturbations;
• Study the stability and efficiency of the 

steering algorithm with GM.



GM status of art
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Ground motion modelGround motion model
• Power spectrum of displacement x(t,s) is

• Relative power spectrum. Approximation

• Relative misalignment
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OneOne--toto--one steering algorithmone steering algorithm

3-element adaptive alignment scheme

where Ai – BMP reading, k – inverse focusing 
distance, xi – quad position, L1, L2 – distance to 
the previous/next lenses ΔE/E – energy 
dispersion,

l – quad length.
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Parameters of numerical model

• Number of quads N = 100; 
• Energy spread ΔE/E = 1%;
• Distance between quads L = 34 m;
• Random BPM misalignment σ = 1 nm;
• BPM read interval Δt = 0.2 s (5Hz);
• Convergence coefficient C=0.05;
• Initial quad’s misalignment σ(A) = 1 um.



GM Spectra for 4 different sitesGM Spectra for 4 different sites
Model1: Protvino, VLEPP; A=10^-16; B=10^-15
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Model2: SLAC, NLC; A=10^-16; B=10^-18
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Model3: CERN; A=B=10^-18
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Model4: HERA, DESY; A= 10^-17; B=10^-15

-1.50E-06

-1.00E-06

-5.00E-07

0.00E+00

5.00E-07

1.00E-06

1.50E-06

0 10 20 30 40 50 60

t, s

x,
 m

<SQ.Err>

<Tr**2>

GM

Trajectory variance;GM variance over the structure; GM displacement x(t,s0) at particular point s0



Ground motion & trajectories at different sitesGround motion & trajectories at different sites



Ground motion data at PW Ground motion data at PW beamlinebeamline
FermilabFermilab, Oct. 99, Oct. 99

0 5 10 15 20 25 30 35

5900

6000

6100

6200

6300

6400

6500

6600

6700

6800

6900

7000

Y,
 u

m

Time, days

 "Level_0
 (mkm)"

1 10 100
10-12
10-11
10-10
10-9
10-8
10-7
10-6
10-5
10-4
10-3
10-2
10-1
100
101
102
103
104
105

Frequency (Hz)

P
ow

er

-2500
-2000
-1500
-1000
-500

0
500

100 200 300 400 500 600 700 800
Frequency (Hz)

An
gl

e(
de

g)

FNAL: PW beamline; A=1.2 10^-18; B=10^-18
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Experimental data presented by V. Shiltsev, S.Signatulin



Ground motion at Aurora siteGround motion at Aurora site

3.5 4.0 4.5 5.0 5.5

-904

-902

-900

-898

-896

-894

-892

-890

Y
, u

m

Time, days

 "Lev_1-Lev_2(mkm)" Aurora. A=0.53 10^-18; B=10^-18

-1.50E-06

-1.00E-06

-5.00E-07

0.00E+00

5.00E-07

1.00E-06

1.50E-06

0 10 20 30 40 50 60

t, s

x,
 m

<SQ.Err>
<Tr**2>

GM



Acknowledgements

• Special thanks for the help to my colleagues :
• Andrey Seryi – GM model algorithm & the 

code:
• Nikolay Solyak - steering algorithm,  the 

problem formulation for the ILC project;
• Vladimir Shiltsev, Shavkat Signatulin –

experimental data at FNAL site.


	Adaptive Alignment in Presence of Ground Motion & Technical Noise
	Outline
	The aims related to the ILC project
	GM status of art
	Ground motion model
	One-to-one steering algorithm
	Parameters of numerical model
	GM Spectra for 4 different sites
	Ground motion & trajectories at different sites
	Ground motion data at PW beamline�Fermilab, Oct. 99
	Ground motion at Aurora site
	Acknowledgements

