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Abstrnct 

Thrl m~~a~ur~t~~ent resuit8s of ground displacement in the 
frf’qut’ttcy range from 0. 1 t,o 100 111 on the site of t,he SR 
SOIII-cc “Zclcnograd” (Moscow) arr pr~sethxl. The dat,a ac- 
quisit ion syskrn and digital signal processing soft.warc, at-c’ 
tlcscribctl. The cornptlkd atnplit,udc spect,ra and correl;t- 
t ion futict~iotts of vihrat ions arc atialyzcd. Sotiir~ ttiodcls: 
riricorrr~lal rd ground mot,ion and plant: waves arc invcs- 
tigatcd. The rlxperitrtentjal rcsult.s allow to cstjitriak the 
~ffrct~s of t.hc ground motion on SR heam stabilit,y. 

I. INTRODUCTION 

‘l‘he successful performance of cxpcritnents using high bril- 
liant, SR front a low-ertiitkice light source calls for tough 
t,olcrancies to the orhit stability. Among tnany sourct=s 
of i ittti> tlop~~ndrnl~ closctl orbit distort,ion (power supplies 
ripple. kmperat~urc gradient, etc.) the mechanical vibra- 
tion of t.he tnagnelic elements has art essential effect on 
beam st,ability because of the strong optics and rather large 
amplification fact,or of t81ic low-ettiittance lalt,icc. Cotisc- 
quent,ly, in Ilto designing of high brilliant, light rings, it be- 
comes of great, imporktnce t80 analyze t.he effect of ground 
ttiot8ioti and find a way for effecl,ive elimination or control 
of the vibration to rest,rict orbit, instabilities to art accept- 
able Irvcl. The dedicat,ctl SK source “Zrletrograd” is a low 
c~tttil.t,ance 1.5-1.0 GeV storage ring intended for ittdust,rial 
applicat~ion [I]. Ii. has six-fold symtn&y latt.ice wit11 115.7 
ttt circutnferc~nce. The, horizont8al etrtit,tance of the elrct,ron 
brani at 1.5 GeV is as small as 2.7 x IO-stn-rad. Ten 
:I-n-long straight sections arc opt,itttized for insertion dc- 
vicc>s (including undulatjors and high field superconduct,ing 
wigglers). 

we can consider the orbit distortion caused by the con- 
stant displacement, of magnetic elements. But the ob- 
server, who performs experiments using SR beam will see 
a t,irne-dcpcndertt, angular and positional displacement of 
t,he light source. If the duration of experiment, is much 
rnor(‘ than thr vibrkon period, t&he source displacement 
will lead t,o tlte growt,lt of an “effective” emitzt,atice and to 
t,htl reduction of ~IIP hrightncss [2]. If t,he vibrat,ion period 
is about, t,lre satne as tht, Cxiprrimcnt duratjion, t.lit=rr will 
hc slow change in c~xpf~riment condit.iotis (radiat#ion wavc- 
lengl.ti, flux, polarizat~iotr, pl c.) wit.11 t imr,. In our casr’, 1.h(, 
SR users requirement8 can hc writkn as: < 2’ > /I/ 5 5 21, 
where < z’ > is a.n effect,ivc angular drviation of the source 
point (rms) and y’l is the natural SR angular divergency. 
The above requirement corresponds to a IO ‘%I emittance 
growth. For the case of the radiation from undulator (poles 
number N = 24) at 1.7 GeV energy 1c, = l/-iv% = GOprad 
and < 2’ >= 31irad. W7itjh the beta-funct,ion at t,he radia- 
tion point, ,8 = 8 m, t,he effective orbit, disturbance can be 
cstimakd as < z >ru 2O/lrn. 

III. IKSTRUMENTATION AND 

SOFTW.4RE 

The industrial seismomcker SMS-KV [3] is used to measure 
the ground vibration amplitudes. The rat,io of the signal 
voltage t,o the displacement8 within t#he frequency range f = 
O.l-100 Hz obeys the dependence 11/S = 5.2x 10”f [V/m]. 
CAMAC st,andard was cl~osrn for t,hc cont,rol electronics: a 
rtiicrocompukr, an ADC unit, a t.imer. et,c. ‘I’he measured 
dat,a are treakd by a set. of codes running on IHM PC/AT 
under Ihc> MS-Windows. The features of the treatment. are: 
Fourier analysis, signal correlation functions calculation, 
quadrupole displacement. tnagnificat,ion fact,or calculat,ion, 
etc. 

II. DISTORTION TOLERANCES IV. MEASUREMENTS 

Due t,o t.he vit)rat,iotr of quadrupole leases t,lic error fields The vibrat,ion spect,rutn was measured in the 0.5250 Hz 
tl~~ficct~ the part,icle orbit. As t hc vibrat,ion frequencies range. with a frequency rcsolutiott equal to 0.5 Hz (t,he 
(0. l-100 Hz) are much less than t hf, rcvolut,ioir frcqncncy, measurement frcqucncy is 500 Hz, poittk nutnher is 1024 
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and t,lie t,ot al inea~~irt~~nont. titiic, is 2 s). Tlr~ ring foun- 
dation is a solid concre1.e gnat, which has no connection 
wit.lt tzlic, t>uilding walls. The seistttotriet~ers were placed 
on t ttr ring fottntla.tioI~. The dat.a were a.veragcd over 16 
tii~~Rsltrf~tttCtit,s. First, the correlat,iott of veltical vibration 
was St udicd for t,wo tlct.cctors at, a CIiStilIlCC of 0, 10 anti 30 
iii bctwcr:tt llietii. l:or adjaccttt8 tlct,c,ct,ors. the correlat,ion 
futtct.ioit is ctosc t,o unity wTit.hitt t,hc l-70 IIz range. As t,hc 
dist,ance increases, t,liP frtqucncy range whrre correlatbn 
is ohservt~tl rcduccs. Tlic~ vibration spcct,ra were taken in 
cIifferc,ttt periods of t ttc day. In particular, t#tte effect,5 of 
s(~v~~raI local sourcf5 were under invcsl,igat,ion. For exan- 
1~1~~ Figure, 1 tlcntonstratrs tlif, growt,li of the amplit,udc of 
vc,rtical vihrat ion if a IO t crane is in scrvicf~ it1 t,ltc st)oragc- 
ritrg l)uilditig. 

I / $1, I,,,,,,, / I, 1 
pm 1oooll ~ 8 . . . . ..__..__._........... - - _ 

Figttrc, 1: The vit)ration a.mplit,udc spect,rum in t,he vertical 
plaii(\, wit,h t,ltc crane brig run (1) and when it, is idlr (2). 

I” . 1\/IAGNETS DISPLACEMEKT 

MODELS 

For a st,rotig focttsirig lat,ticr of low ettiit,t,ance rings a ttta- 
jar hourct~ of orbit, disl~ort~ioii is the l.rattsvcrsc shift. of 
qttadrtipoles 6:. The vert,ical closed orbit, displacrtnent, 
((X)1)) aI. position s wlrer~ $(.Y) and Q(s) arC t,hc hel.al.rott 
frtttctioti ati~l t.lic hetatroii phase> respectively is given by: 

l1crc iji atltl d, are bllC l~c~t.;lt~l~OIl atttplil.ttclcs ;ltld pllr2W fO1 

tltc> i-t,11 Ions wit,lt t tic st retigt,lt X*, ant1 lrttgt~lt I, : t/ is t.llc> 
vcrt ical lwt aImrot t litlf’. 

‘t’wo tttodcls wf’rt’ uti(l~~r st.utlics: 
i) t,lt(> I~nst~ itr(: ri~titlottily disI~lacc~t1, wit.11 t lit> rttts clc\vi- 
itt,iott. < (52 >. For t.his case, t,hr rtiis COD < :(,s) > is 
tl~~tc~rttiitir~tl I)?;: 
< z(s) >= I’ < ;lz >, (2) 
~vh(~rf~ P is I It0 (.‘()I) tnagttifica(,ioti factor: 
I’ = fi(i;)/(‘LJ;;isitt(lrr/))Jm 
I,‘or t.lic> tttirttll(~ of (,ltfx st,raiglil. itttc~ritlt~tl for itttdulat~or 

P = 35. 
ii) The tlisplaccmcttt of cItiadrttpole lenses is caused hy t,lle 
Platte wave propagat,ing in the ground. This is trttr: for 
a vibration source t,eittg far apart from the object t,o be 
examined. Of sigtiificattcc, is to analyse tli? dcpen<lence of 
t.lie magttificat~iott factor on t,he vihratiott frequency and 
I,0 ca.lculat(~ t.lic COD for a pat%icrtlar spc~ct.runi of vibra- 
tions. In tlit> case of plane waves, t,lie i-th lens is displaced 
depending on the t,lte direct,ion of wave propagat,ion, t.he 
wavc:lcngt,li and t ltr posil,ion of t,hc lens over t,he nzirriut~h 
of l~ltc st.oragc ring: 
6,-i = ncos(iJf + (1 - cosd,)27rR/X)), (3) 
wltcre .4,w ) arid X xrr: t,lic atiiplit~tttte, freqitency ant1 lrrtgt8h 
of 1.h~: wave, 0, is l,lie artglc t)c>t,wecn t,lte wave propagation 
direction and l.h(, azitttut,lr of t,ltc, i-t#li lrns (t,lie lenses arp 
asstttnpd t.o he positioned over a circle with radius It). 
According to (1) and (3), the displacement and the angtt- 
tar deviation of t,lte closed orbit at, point s are: 
z(s) = AP(IJ, 21)) (4) 
z’(s) = AP(w, s)dm~ /P(s) (5) 
where P(w, 11) is t,lrc plane wave magnification fact,or. Fig- 
ure 2 sliows l,kic resulb of calculat,ion of the magnification 
factor P in t,he case of random displacement~s of quadrupole 
lcttses and the plane wave tttagnification fact.or P(w, ti) as 
a function of the wave frquency at, a wave velocity of 1000 
Ill/S. 

25 000 50 000 75 000 ‘Hz 
100.00 

Figure 2: ‘I’lic~ (‘rror ttiagttificat~iort factors. 

Figure 3 givr5 t,lie 19 -avtragPd atiiplit~ude sp~~ct~rurii of 
ground vibration wtticli was trtc~a.surcd on t,he ring site and 
tltc vc>rt,ical COD at t#licx 0hsiArvatiott point8 in thca tnidtlle of 
the utttlulal~or st,raiglit Scot ion. 

I 
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Hl 

Figure, 3: ‘l‘lt(> sIlc\<.trutrr of vit)rirt~iottS attcl (‘01) 
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The maximum displacement, and angular deviat,ions of 
t,he closed orbit, in the vertical plane occurred at the frc- 
qu”lcy 2..5 Hz: z = 0.6//m and z’ = 0.3~0ad. 

VI. CONCLLJSIONS 

The developed instrurnc~nt,atioI~ and software make it. pos- 
sible t,o ~nmsure t,lic spcct,ru~~~ of the microseismic vibra- 
tions and calculate COD due t,o the transverse shift, of 
cl”“drupolcs. In our case, the Ibleasured results are quite 
good and they rnwt, t hr rrqnircmrnts for the beam st,n- 
bility. HIIt, when thf mathinc qllipment. (va.cuum puIups, 
ventillation, compressors, etc.) will hc put into operation, 
it, may effects drast,icaly t!he magnet componenb displaw- 
mrrrt. The local noise sources ant1 the influence of the 
magneb supp0rt.s is plannin, 0 t,o he invest,igat,ed in the near 
fut,iire. 
For more detailctl information on t,hc sut)jcct8, plcase con- 
tact us by t,he atldwss giwn under t,he headline or USC 
+nlail: kuzrl(~ksrs.rnsk.su 
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