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Measurement of Slow Closed-Orbit Motion in the HERA Electron Ring in Correlation 
with Ground Motion 

W. Decking’, K. Flijttmann’ , J. Rosshact~, 
Dcntschrs Elektronrn-Syncllrotroll, Hamburg, FR.G 

Abstract 

The closed--orbit motion of the HERA elertron ring has been 
recorded with high precision for periods of up t,o 80 seconds. 
Simultaneously, ground m&on in the HERA tunnel has been 
detected. Numerical correlation ~analysis is discussed. Results 
are in agrrpmcnt with numrriral and nnalytiral model calruln- 
tions and suggest the conclusion that thP closed-orbit motion in 
the 1 . 100 Hz regime is dominat,etl by mrchanical motion of 
quadrupole magnets. 

1 Introduction 

There are the maitl RBSOI~S for the incrensirlg inqmrtanrr of 
ground motio:] investigation, c for particlr arcelerat,ors, namely: 

b) 

cl 

Due ho tlk*: large sizr of many accelerator projects rurrpntly 
under construction or consideration, the cumulative effect of 
microscopic quadrupole motion may result in macroscopic 
beam orbit motion [1,2,3] 

Beam stability requirements of synchrot,ron radiation users 
increase continually herause of more sophisticated experi- 
mentation techniques [4] 

Most, future c.olliding beam facilities will involve individual 
magnet c,i)tirs systems for each beam species (e.g. HERA, 
LHC’, SSC’, Linear Colliders). Thip is in contrast, tr> t,he over- 
whrtllling majority of &sting machines, Where btilm srpara- 
tion at th,a irltrrnctic~ll pvint is exrllldrti in prinriplr. IlwRIlSP 

I7nrtirlvs :11j41 iltlfi,)nrfirlf.s share n ron)11lo11 rlln~llcf F>~strnl. 

111 clr,lrr t ,I csfilllnt(. ttw ilnlkact IIF gr<,nnd Inotinn r,n HERA 

prrfr,rlna*icr, grouu~l ni,ltirin as wcli as quadrupotr mngn?I mo- 
(ion hns I,C~II mr~n~:l~rr~l iu tlrr HER A tllnnrl (Z]. M+asurmlwlt 
r,f the snprrr-~ltl(lllrt ing quadrupo1P mnpnrt’c tnotioll is a qperi;d 
task nrlct will II<. 11~srril~rrl in a srparatrrl IP;I~P~ 151. 

As far as plastir grorlntl Oef~)fmilt.il~ll iq c~1uc*rllP(1, 1110<1*‘1 tHll.llla- 

tions &ow t,hat grouud wr~v? frrqurncirs 1 Hz do not affrrt the 
HERA ~-1osed orbits 121, hlrtrh slow<sr 1 C,r.:lli7rsrl ~rnuu~l dcformfl- 
tiotls tiow.tvCr miphf (nnrl (10) 0cc~Ir rrn*l cn114r r<~lr~idrrnhlr orbit 
drifts (SPP rrzctltn Irrlow at111 191). ‘vc;. tlf’llPll1PlrSs fon1s ot, fast 
groIlnd mnticin 11 1 If7 in thr prrsrwl pnpP*, l)v~~allsr its rffrrt 

011 tlir clrjsctl orl,its is 11~1tcl1 har~lcr to .I<,Irrf nntl 10 rotllprnsnfc. 
This nlotir)tl, wbilf fRst front t11r ~rolr>gic~ll pr’int of view, is still 
slow (in most casPs lbllt ncd in all! rvrn adiabatic) with 
rrqwct to brnm t1ytr;rlilic.c C~alhp it “~lr~w rloscd -<&it motion 

dw to fast ground mo)irm” inifqllt br ml,at appropriate. 
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2 Instrumentation 

Ground motion was detected by a portable seismometer wit,h 
out,pnt vott.agc proportional t.o grOu”d velocit,y. For magnet mo- 
t,ion measurement, much smaller accelerometers (Briiel & Kjaer, 
Type 43793) arc more suitable. Minimum operation frequency 
of both devices is about 1 Hz. 
A widely used technique for observing the motion of the elect.ron 
beam orbit is to monitor the direction of the synchrotron radi- 
ation fan emerging from a bending magnet [10,11,12] Although 
resolution of orbit motion well below the 1 pm. level has been 
demonstrated 191, we nevert,heless prefer observation by the stall- 

dard HERA beam position pick-up buttons 113,141 for several 
reasons: 

a) Orhit stability is most important around thr intrrnrtion TP- 
gions. Extraction of synchrotron radiation beams would br 
very complicat,rd in this area. 

lo) We have as many as 274 pick up monitors in HERA, anyway, 
but no long synchrotron radiation benm linr. 

c) High precision alternatives to synchrotron radiation obsrrva- 
Con are of general interest for devices like prot,on and heavy 
ion rings and linear colliders. 

The electron beam position is determined by the pick up 
monitors turn by turn. Resolution is limited to 30 b,rn by ADC 
trsollttitrn and amplifier noise if turn by turn measurement is 
ronsidered. However, it can be enhanced considerably hy aver- 
aging over many turns. This is done by a microprocessor devire, 
which is also capable of storing up to 7000 of those average val 
ues [15]. As an example, Fig. 1 shows the closed-orbit motion at 
the pick-up station WR 205. Time resolution is 10 ms, i.e. the 
plot, displays 2000 posit.ion values both in horizontal and vertical 
position, rach of which is the result of averaging over 473 turn 
by turn measurements (47317 Hz is the revolution frequency in 
HERA). 
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Figure 1: Closed--orbit motion in the HERA etect,ron ring as 
measured by pick-up buttons at 10.22 a.m. on Wed., 27/g/89. 
Resolution is arbitrarily limited to 10 (1x11. Approx. 10” electrons 
have been stored at. 13 GeV. Beta- functions at the pick--1111 po- 
sit.ion are DE = 27 m, p, = 59 tn. 
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3 Experimental Results 

At icast dwinK tlnytin~~, illr motion cd thr HERA tuuncl is tlonl- 
lnatrtl 114. Fdtrtral lll)iSP. This is illrrstratwl Ity Fig. 2, which 
shows R long t~~rnl rrmrd of thr vrrricnl rnls t unnrl tnot,ion tlur. 
tng OIIP werak. Only frmturur,y rr,rnp<~~~~ts nl,~,w 1 Hz Hre fO,,. 

sitlrred. Ruls ~irlurs havr 1~~1 ralcul~tecl for tilur intrrvals of 
1 nlinrrtr. Pcrrk t,n pmk vdu~s me 1nrgr.r hy R factor of 7. T]lp 

‘pm1 
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FiRllrr 2: Long- tcrrn record of the rms HERA t.unn~l motion 
(rrrlir-al) frlml 15/9/89 till 22/g/89. 
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Figurr 3: TylGrd ct~~trr~ul t>f vrrticnl quadrupole (lisplacrlllrut 
at 111r HERA <~ICV~~OII riue. 

umti0II <If qnrlrlrnt~~d~~ liulnurt s is, of course, more rf-lrva.lit for 
rlosrrl rrrl)it rlistmticrlis. A typical sprrtruu~ br+rnrr~~ 1 H7, rtucl 
101 Hz is sl1m~~1 in Fin. 3 for MI ddrou ring qusdrllpolr. It, 
is rlotniustrd !~y mm-hsnicrrl cigmmodrs of t.he mngurt sllppf&s 
pxcrpt for tllr 2 Hz ro~upmlrut, which is nlrrdy prnlllil~rnt in 
the ground mcrtion spedrum. For t.hF 2 5 Hz rnnqmnerlts it has 

hfml prrmru rxlmimmtnlly that they partidly strm front pliu~ 
groutrd waves rrossing thr HERA sitr from NE tlirrrtiorl. tIajug 
phase correlatirm technique, t,he phasr vrlorify has I~ro dr~tr~r 
11ziutd at (240 + 40)7,1/s. Bat gupss b,r Rnylrigll wave vPl<)city 
r* frnru (1~ litrmture is iu good agrrrlurllt: 

c-n - 0.92 c-s 7 230 m,‘, 

(rising rs - 250 m/s for sand with gravel [lFi) 

Sillcr thr Idntron wnvrlrugtll of t,hr HERA rlrrfrttlt rillE is 
nhnut 140 m, lllr* pILluP wave modd predicts rrulsitlrralrlr r.lrrsr~rl 
orhit rrspm~se to plnnc w~vf frequeucim almvr [2,4.FJ 

240Tn / 140 rn .-- 1.7 H: 
.s 

This ACRES t.hnt all ct~~adrupolr uxrtilm r~~~rlt~mr~~t Y itI I lit 2 
5 Hz region ~RVC R high pot.Pntinl to mlltrilnrllr <~<,rl<i~lrrnl,ly 10 
thr Iwan* rnotirm spcrtrrurl. This srnsitivity to (tllitr* ltrw frr 
quenty ground wavm (with romparativfdy Inrgr aull)litu<lm ilk 
genrrnl) is R ddrinm~tnl featurr of all large storng,r rinKs. Fq,r 
comparison, the PhoLou Factory at, KEK is ilksensitive to viljrn- 
tinn frequencies l~low 10 Hz (10.171. 

It should be notrtl thnt tllr’re nre *muy tliffment types of mn~urt 
srlppds iu the HER A rlrrtron ring. Tl~y a.11 have slightly differ- 
rut eigrntnodes. Thr gr~)ss hrhaviour, howevrr, is nilllilar ICB that 
displayed in Fig. 3. C.!onseqtm~tly we only assulne sou~r ovrritl~ 
phnsr rnrrrlnt~ion I>ri.wmn t hr rt~mdrupolrs’ ~noiinll for thr 2 
5 Hx comlmm~ts. i.r. all tll p cdhrr frrqurury ~~tni~~~~~~r~tts will 
only ronbrihutr to thcz 0rl)it rlistort,ion in i+u uumrrrlatrtl w;lp. 

In Fig. 4 WC prrsrut t,he spectrum of the vertical rlcmed orl,it. 
tno~ion. The mnjc,r crmtrilmtion is in thr 2 5 Hz rrginu, rxartl) 
as in the qurtdrupolr rmtiou slmtrum. The 2 HR. rruupoucut is 
t=S~WifLlly P~OWtlltlCPd, il’; CXIWCtCd. R.rm~tnl~r, that tllc corm 
spouding ground wn.vc.ImIgth rquds the I~datrou ~i~vrlm~qll~. 

We conclude t,lmt the closed orbit. rnot.ion above 1 Hz is es- 
srntially caused hy mcrhanical motion of qlmdrupolp magnrts. 

Thm= is also a ronsiderahls slow orbit drift.. mainly in the 
horizontal plane, which is illustrated in Fig. 5. WhCt.hPr this is 
due t,o rnrrlimicnl or rlectrirnl instability is lnuch harder to tlr- 
ride. It, requires nCcron~rtPr rnfasurrumlt of vrry low frrql~rnry 
tnotiou, which is a hard t,ask. 

Finally we have tletrrruinrd t,hr energy tlrpmrlrurr of tllr OI- 
lit. motion. Our p4irt.s l/E brlmviour for brand ndiou ctur to 
power supply noise and no energy rlrprutlcncr il, CRR~ of ~~lrrll;l~~ 
1~~1 mdion. Figure i inrlutlrs hrnu~ positi~ru CIRI~ frcttl1 riiffrrrllt 
pick up stations as well as (I /E t ccuLst .) fits for rulti :Itld prak 
to- peak values. Fit. rrsu1t.s Rre as follows: 
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Figure 4: Spectrum of the vrrtird rlnsrd orhit mtrtirm in thr 
HERA electron ring. 



T!IV 1,/E rc~ul.ril~uti~w is nltviously vrry small. This ngnin 

r~nlfirms o~tr interprrtatinn that nt 1rast at 1llminoSit.y rnrrgy 

IIf 2F GeV t hr orbit motion is due to magu~t mot.ion. 
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Figure 5: Another record of horizonta! closed orbit. motion. In 
this cns~ a sudden jlmlp and slow drift. a*? suprrim1)oscd on tllr 
1wrmaneut noise. T!lt punk t.o-peak moticut during t.llis 80 s 
1wrinrl cc,rrPslx,nds to 0.5 Tr_ of the Plrrtrtrn l,Pnm SiZP. 
I --’ ‘- -- .I 

4 Conclusions 

L’siug pick 1113 r!rct,roclPs and averaging trrlloiqnrs, slrrw closed 
tml)it mrrtiou ii mrasurablp wit 11 rrsolr~tion Iwlon the 10 j,Irl Irvrl. 
R,r the HERA P!rrtron rin,g WP frond tllnt t!lr mfljor rrnwn 
for rnl)it nu)ticrn in the 1 . 100 Hz rrgimr is rnrchaniral moticm 

v of verkol orbit motion Ix) 
lxoled fa p= Irnl 
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Figrlrr 6: Ellrrgy r!qPn<!enrr of vrrtiral c!r)sed orbit motion in 
HER A (cirrlrs: peak t.o peak, cros~cs: rms valtws). All n,~a- 
snrc.l)wsltc tnkrn nf diffc,rrllt pick-11p stations IIRVC brrn nornral- 
ixcrl Aar I{, 1 1~. Thr solid line is tile thc*or~licn!!y prrdirlrr! 
rnls valrlr rlsilig IiIfqqurt Iuotioli daft. 
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of quadrupole magnet,s. Tl iis ronrlusion is motivated by t&PC 
observations: 

a) The spect,ra of orbit mot,ion and magnet motion arc similar. 

b) The orbit motion is nearly inrteyendent of bmm energy. 

c) The magnitude of orbit, motion fits well with the value yre- 
dict.ed from ground m&on measurCmrn1.s and orbit, rt’sponse 
theory. 

We estimate the horizontal and vertical separation of the 
HERA electron and proton beams at not, much more than one 
tenth of the rcspect.ive beam sizes. The effect, on thr luminos- 
ity being negligible, this snmll, time-dependent separation might 
nevertheless injure proton lifetime severely [7,8]. 
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