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SIMULATION OF GROUND MOTION INDUCED PROTON BEAM ORBIT
VIBRATION IN HERA

C. Montag DESY, Hamburg, Germarny
Abstract According to Equations (1) and (2), this is violated for fre-

A ground motion model based on realistic spectra and copenciesy > (B/(A - L)). Therefore Equation (2) can

relation properties has been developed in order to simul ley be valid for frequencies below this limit, while it has

ground motion induced beam orbit vibration. This model° be modified in the frequency domain above. This is

has been used to simulate the motion of the HERA proto%(:h'eved by a redefinition gf(w, L) as

beam. Simul_ation results and comparisons with orbit mea- L) = %’ w<+/B/(A-L) @
surements will be presented. p\w, L) = 5> /B/(A-L).

1 INTRODUCTION For the description of transverse motion/éfquadrupoles
in a circular accelerator, we start witfi + 1 independent
Ground motion induced beam jitter plays an important rolgme seriesz, (t), each of them having the same power
for many kinds of accelerators, like future linear Comd'spectrumPn = P,oy = B/uw*.
ers, synchrotron radiation sources or storage rings. The rehe coherent part of the motion of tHe + 1)st mag-
sulting beam orbit vibration potentially leads to luminositynet with respect to theth one can be calculated by ap-
degradation in colliding beam facilities due to beam offsgblying a first order lowpass filter with cutoff frequency
at the interaction point and/or emittance growth. wy = \/B/(A- L) to the motiony,, (¢) of thenth magnet.

The sensitivity of beam orbits to quadrupole motion deThe resulting power spectrum of this correlated motion in
pends strongly on the correlation length of ground motiogerms of the Laplace variable= iw is
at a specific frequency. Quadrupole motion with a corre-

lation length exceeding the betatron wavelength has only P @) = wo Protn(@)
little influence on beam jitter [1]. Therefore any simulation corr,nt1 T s+ wo ot
of ground motion effects has to take into account not only
. . . wo B
the power spectrum of motion at a single point but also the = n C— (5)
s+ wo w

coherence properties of ground motion.

This paper presents a ground motion simulation modeie corresponding uncorrelated part of motion of(the-
which has been originally developed for linear acceleratoqgst magnet with respect to theh one is calculated apply-
[2]. Itis based on measured power spectra and coherengg a first order high pass filter with the same cutoff fre-
properties of ground motion. This model is extended to cilgquencyw, to an independent motion signa), . 1 (t) with
cular machines in order to simulate ground motion inducegower spectrun®,, ., 1, resulting in

beam jitter in the HERA proton ring. )

" Pup(w). 6)

s+ wo

Puncorr,nJrl(w) -

2 THE SIMULATION MODEL

As measurements at different geographical locations sholi, the low frequency limit, this spectrum reflects th&'L
the power spectrun®, (w) of ground motion at a single rule:
point can be roughly approximated as [3] ALy
llIl'b Puncorr,n+1 = 5
B v

Prot(w) = o 1)

: ()

w2
whereL, 1 is the distance between theh and the(n +
whereB is some proportionality constant characteristic oflA)St magglet. h P _p
the site, ands = 2 f. According to theAT I rule [4], the S €8N PE€ S OWNeorrn i1 + Puncorrmi1 = Pri1 =

— 4 whi i i -
power spectrum(w, L) of the uncorrelated motion of two P“l’t tidB/wzy while the resulting coherendg,,+| is cal
points at a distancé is [3] culated as [2]

e @ bl =g ()
Obviously, the ungorrelated part of motion must be smaller w?
than the total motion, thus = m
p(w, L) < Piot(w) for all w. 3) B B/(A-L) -
* Email: christoph.montag@desy.de |s2+ B/(A- L)
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This scheme is repeated for @il magnets, starting with

y1(t) = x1(t). To reflect the periodicity of the circular ac- _
celerator, the motiony1(t) of an (N + 1)st magnetis § 10000 |
formally calculated from the motiogw (¢) of the Nth mag- §1
net by application of the corresponding filters, Witk £
being the distance between théh and thelst magnet. < 100}
Obviously, the motion of thé N + 1)st magnet has to be %‘
identically the same as the motion of tret magnet. There-  §
fore all magnet positiong,, (¢) are corrected according to g 1t
* yn+1(t) — 1 (t) *g
yn(t) - yn(t) Ltot,N+1 : Ltot,n- (9) :).)_ 0.01
Here Liot,, = > r_o Ly is the total distance between the “;’
1st and thenth magnet, i. €Lt v 1 is the circumference Q00001 |
of the machine. ‘ ‘ ‘ ‘ ‘ .‘ ‘

To get a more realistic model, the experimentally obtained

ground motion data in the HERA tunnel at DESY are fitted 0.0001 0001 001 01 L 10 100

as [2] flHz
B
Prot ot (10) Figure 1. Power spectrum of simulated vertical beam jitter
4995 . 10-14 in HERA-p, normalized t@,on = 1 m.
+|—— m? - Hz
S
7.10-6 2 et 3 shows, the simulated spectrum reflects the general proper-
+ 2 1 9495 Hz - 5+ 24674 02| Hz ties of observed beam motion. The enhancement of orbit
' . ' 9 vibration amplitudes aroun2l5 Hz is clearly seen in both
n 7-10 21,3 Spectra, but the frequency region in which this enhance-
s2 4+ 0.528 Hz - s + 0.774 HZ? ment occurs stretches to higher frequencies (4o fidz) in

N . . the measured beam motion. This can possibly be explained
In the low frequency limit this spectrum is dominated byby mechanical resonances of magnet supports which are

the B /w* term, thus leading to ad T L-like behaviour of . .
. not reflected by the ground motion spectrum used for simu-
the uncorrelated motion. The second term represents so(g

I . . . Offion. The same argumentalso holds for the clearly visible
additional cultural noise at high frequency, while the thir . . : .
and the fourth term reflect sondes Hz resonance of the 0 Hz peak caused by either mechanical vibration of some

upper earth’s crust and the microseismic peak /AtH electric equipment or by direct noise on the cables.
ré)sppectively P % In both spectra the microseismic peakld? Hz almost

vanishes due to the large correlation length of this low-
frequency motion.
3 RESULTS Quantitatively, both power spectra agree within a factor of
The ground motion model described in the previous sed9; Which corresponds to a factor me in amplitude.
tion has been applied to the vertical motion of the HERAT_hls'dlfference can possibly be explained by the uncertain-
proton ring, usingd = 4 - 10~ ym?/(m - sec) as ob- (€S in the parameters and 5.
tained on the DESY site [5]. The parameferis chosen

atB = 3-10~2um? - Hz?, resulting in good agreement 4 CONCLUSION
of the power spectrum (Eq. (10)) as well as the coherence
(Eq. (8)) with measured data. As has been shown, simulated ground motion induced

Starting with a perfectly aligned machine, the orbit changeeam orbit vibration amplitudes in the circular accelerator
is obtained by tracking a single particle, with initial con-HERA agree within a factor of about 3 with measured data.
ditions being on the design orbit, while the transversEor a more realistic simulation, mechanical resonances of
quadrupole positiong*(t) are changed from turn to turn. the magnet supports, for example, should be taken into
For this tracking, only linear elements are taken into acdccount in order to achieve a better agreement in the fre-
count. The resulting beam motion is monitored at a sirduency region above a few Hertz.

gle point in such a way that the motion of this “monitor”

itself is subtracted. This motion signal is normalized to 5 ACKNOWLEDGEMENTS
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Figure 2: Measured power spectrum of vertical beam mo-
tion in HERA-p, normalized t@,,on, = 1 m [6].
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