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\‘T+vtsllrenwnt of t hc Motion of SrlI,crcotlrlrlct,irlg QuaclrlIpole il4agnd.s 

at Liqllid Helium Temperntm-es 

171.. Dwking:, I<. Fl(it t mm~u 
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Abstract. 
cl.*- 

0 
06. 

Fo: ill~:rtml is.r)latirut 1~uqmes thr su~tc~cr)~lductiIlg coils (11’ t11v 
utag:lt~~t b ill tll(, IIER.4 IIP>~IJI~ nccc-lvatrw 11avc IIWII ~II<~PII~I~YI 
frrun tliv cryo:;tat w;dl wit11 glass filjrr itrips. Siuw qua~lrl~I>~J~~ 
rttr~iirm inttuw~ lirrltn ral~~fir~t:. ii in it~:]~ort;mt to mi\mirw tlic nir 
rl~:i~:irirl proilwtiri of ill<, I~II;~(~I.I~II~II(~ hns~Imsion ~tmd:~r(~. IV<, 
ril~sl.rll,c il lil4ll~~~l ISI 33~(‘;~%13rs’ tllr* 11~~ cll;ir:iral cw3lztirmi of i’ 
r7Gl ill?irl~~ llll r.l~.,l’>.nl at hpi,l lir’iilllll 1~~1II~‘fwturc. Espw1 
tllrmt;il matilt:. fi,l tlifi;,rcllt w.ttitlgh cnf ~qtvrl~al Ih<lisc 50,1rcvh [r.g, 
H~~IIIIIII flllx. Y~~~IIII*LI p.1111pl arv p~-rn ;IIICI I!iwllsw( 1 

1 Introduction 

III liu,<+ rmf tlli, i.xiitillg •t~~l;igr~ lrilici l)artli I+ iiuil ;~iltil~ar title, 
5 iitrv ii com~i~o*i uutgilf’t systrltl. so tllat :i l~~i11t y~iw:btion at I 
t11~~ illtl,r;lctir)rl Ijclint I< c,ucl~ttlp~l in print-ilJl(*. HERA as ~~11 ai: 
crtlLt,l acvlt,r;~t~~r ~)ro,jwts rurrwltly luring ~~la~mc~tl (rug, LHC’. 
SS(’ I c3ntbjitk ~11’ iw~ i~~~livi~l~~ill Illagut‘t iq)lic.5 ig.stv~li~ ~0 illat 
ii IH’~:III ir~~~;iratiwl c:iu iiiiw Sillrlk c~~~atlruph~ tlwtioll ill(lllcrs 
cribit Iiiilti,lli. )*I+- lliii try invc~5tigatr~ ~II:~~III~~)oI~~ ulotton. 

2 Iristrulnentatioll 

I;tr; tl.c, tl~l.;ii,~~r,i:ir,~it~ ,)f Ilir~~~llarlical vil~ratio:x~ ai tlirx i1ilrl.r InIt 
(,f tll~~ TIER X 1’?l!t,,ll ~~ll~l’l~ll~~~‘l’~ ili(‘:‘r’(‘l”(.tlil’ ;IC-CC’l~‘I.~I111f~l(‘L. 

(Rrii+%l h- I\,i;l< r. Trl~f, ,1X795 j wv 11w1. l’ilray im sn~ll ra~~rig11 
tr, l,<~ l,IUll ltltli t1,<, c‘ri’irht;it 

Tllr ~~l~tl~~lt iitgials of tlir- nr,crll.rl,~lll,~i,~,s VVPI‘I~ ;rll~~~lifiv,l 1,~ 
sw~itiw :.ll;rlp ;ilhl>lifirri. ml~icll &f t~iiilbl~ a ~iIi#lP or 110111,1~~ 
iiit vjiiatishu srf tllr, >ig:lal t4> fit-t a vr*lc,ritV or (lisplacrrnmit Ijr<bi><~r 
tisBli;rl LiK:li;il, -~~~~i~r~ti\~~:y. Fwtltm sigitrtl Ibrvcrcsing 1773s rnriiwl 
~ntt l);\. ii 1 ~~l~~.nn~~l F$llmit~r tran:fmx~r~r. Figuw 1 R~IOW~ thr COII- 
strllr-firm Iif tllrs ;i,,cl~l~,~~,llic,t,,r~ nst~~l 

Delta Shear”’ 

FiS. 1: .~c.rrll,r!,~ll,~tr.r; hI Scisnlic ILli~s5, P 
ElrYIl~rlt, R C’IHIIIINIL~ Rirlg ;~td 13 - B;isc [I] 
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Fi,. 2: Trir:~iti~r f 1 I’ 1 *tc‘ tim of till, (lliirpv illlljll:ti8.: 

ill tlil, “lli~I~!~~(~~~~:~l”t” UIO{IP 

If thr acccI~~I rtlllvtr*r is Ill*~v~~l into \v’rlical iliI-wti4au. tl~v tllrr,c 
srslsuiic masws cLxr,rt sllr~arilig forrrs on thr I)iw<wlcct rir elclllcyxts 
dmdb~ ~llargc~s RW $c,t frrc~. Ttw grnrratetl rlmrge tyl)ically i!: of 
tllrz ulil<*l <Jf 10 “I C ho illat prol~l~w~s wifll signal-tl! Iloiw ratio 
Itlay nrisc. v?l)~~iiilly ill ll~~ 151~ fn~c;llcxry ranpr 

In Fig. :! ill<- iil,o!lltr~ vwltlt~ [If t lirs Irlc;t~nrr~l trnuifcr- fwlrtirlli 
of tlli. ;Irnl)lifi<,r iii tllr “di.s~~lact~rllc~11t” ~iio~l~ jd~~ul~l~~ iIltqImticm i 

is d10wn It ib ~~ldit]~li~vl 1,~ u.’ alItI r~~rm~;~li7,r~rl to our in the- 
rf.gimi nll~rv it is I-ortstattt. 

Fw(lllf~llcivx ~~11 l~c~lin7 1 II,. / arp sltppwcs~~~ l>llt frmlnvnc.irs 
I-lcrir to I II7 iin’ nnqrlififvl II\, it favlor CP!‘ 1.4 al tl!c umsimlml. 
Fear tll(, lll(‘i1511rl,lt1(,11t of t Ii<% ng)iic t Iis, iilI7ut of tlil, iilliplifiu wilb 
I~>adcd t)lr R rapacit)- IIf 1 riF. nllich substitutes the arcrlrromrtrr 
a1ttl c;tllr. 

Figwc 3 sl~ow the output noise of the amplifim iI1 the “dir;- 
pl;wrIllcllt” tttoclf~. At fiyumcim nhiwr 1 Hz it is l)lxqx)rti43rid 
tt> 1,‘u.‘. This l)art is c!ottLinat(d Iry nois<, from tliv raparity or 
:~r~~r~lwmwt i’T. C?Si>f’ctiYtly, which is thrw tiru!3 intc~py;~trd, hr- 
~‘i~~lw tllrw is <IIIP intrgrator in thr* input alrll~lifi~q~ to <lvriw it cur- 
w1i1 r,f‘ ~;oIt age siz!rlal from tllr rl~:ugr signal and two intrgrat,ions 
aw i~w~l~d to crt a signal pro;~~brtiouill t 

-. 
o di.cplarpnwnt. Tl~rrt~ 

filrv tlir, acrrlwimrtci ltstlf is an t~snmtii31 so~ncp rjf rlcliw al low 
frcqnvnc.ici-, T?li< ii irllltorta:lt for :li(-ii’Ill.(.llll~.ilts at licillisl hr~lillr:l 
trwtpvriit urc. Iwcztnw t hii tinise rlr.i.r~.iis~s if thr arcrlrr<mwtrr is 

Fig 3: Nwsr ill tll(l “(li~I~l;~~~c~~~~~~rlt” r1101lv wt II 

it c;ipiwiiy l~,;itlul iul,ut 
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3 Calibration at Liquid Helium 
Temperature 

Fc,r tl1r cdil~‘wli~~li I)f 7lI<’ ill’<‘< ~!i~~o~~wt~~~~ i lir SC*- ,111 zkw~l~!yl il, 
Fig. 4 WVHR uw~d Tllr s:ainlvs~ s CY t I pip<’ wk.i kusy~~d~~ti iu ihc. 
rryostilt. so tlL;lt thr lvIv*,r l)arl vith ali ;ic.(.c’lr.l.~,lll,‘i(‘I. ill i: cli]jl,~~i[ 
ilit,) liqnicl Ilrliuln. A hwxmd . . ,I 3 rl<C< c I (illl?tl’L WR?r pl;wtl on tl1c 
1t~~j~m 77ar111 t71rl of tli<l 4~wi.rlatvcl pip{.. 

Fit. 4: C’alil~r;lti~:x~ wt n11 

FCJ~ tLr> calll,ratiort III(.~~L(II~.~III~II~.~, t11r lrwgrllnr grw1rl L110 

tiim I1r)i.c iif .hc mviioililluii vii’: II,VC~. Fip~rv ,> sliow-. Illi, <LIICS 
tirnt r,f twc, ?i~lillltil~~f,l)l~‘l. rccr4wd 5pfyrtra (war~l~/<~,lrl I. 
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FiR, 5: Qrl<~t:~~llt ~p~~tnu~~: 
Will‘l,, ii,‘<“' I~l.ollll'tr,.:1.0111 il~~l-l-l~~~~,111~‘1~~1 1 

Tllc- lirc- st 50 Hz is tlr~o to rlrctrical nrriw. Espri-iall~ i, t 
low frrvluf tlciw *his 4lnntirt:t spc-ctrlinl sl~o~v~ 81 lwhavi~nir w~+tlr: 
frca]l Iw;tsllrelllvrIt to lllf’iihlll.(.lll’.lIt: ~111rs to 111~ punr sipa-t<)- 
n&w ratio ill tlus r;\t~p,v. Fan diffcrwt accrlrromrtrrs tllr saln~ 
ralilar;itiibu colhhti~nt Itf 3.4 was FCPIIIIC~. 

4 Results 

Rlost nf thr> lil(‘ilsilll.r,lllrtItS \vcm 1nnilr3 at tlir i;triug-t<,,t hf-t.xIIl 
rmisistiug of 5 mag114,ts. T\Wb i\wl~1wnll~~i I’i“i. c II,,’ c I,’ I lw llori- 
7~llit;ll iml 011’ fur tlw wrtir,1 ClirwtiilIl. W?I’( Ill~lrllltc~ti i,,l tl1v 
cutI pl:itc of a Ildiulll vrssel of a qua4lr1rp&. AIL ;rl~;llytic 111~it1r~l 
rvf tlir s~~s~~~~sir~l~ strili~trlw dC~sr.rilws the Ilqgld iti it 1lii155 IIRIIK- 
iul: at two sl)riqy.. IY’~tll 1,7rgu;111gf* f~wuialisii~ t11c c~1l~atlo]1~ rlf 
Iri<~tioil IYt’rr IllWV1Yl. r. LZ Iill ill, r~~illlliltlcnl IIf tlw r~Im’lrllpc’l~~ l,,i,iS 
rlucl mwtia 111011mltlull illl~l &r-r (lvtc7minlnc: tlic, itlffilrsh of tilts 
sl)riltKs. two xt’smiiluw frccluc7lcit~s at 20 Hz aurl 71 II:< colllci 1)~ 
(14 u~nill~tl [ 21. 

Exprrimrnt a!ly ~WOIL~~CC frrqnmciv~ at 24 Hz ant1 i-1 Hz 
w-w f~~l~ll(l l)Iit I hr. llil?;llf~ 01iv is pr~bl~al~ly fd nlinol iulpcbrt al~w 
lwcanse it co~~c~~~~~~~lx tc8 a ulo~lc wit 11 xxa of r~>li\tioli rlcmz to 
tllr rrntrr of tllr q~~a~lrup~~lt (Fig 6). For t11c 11mw frrqnu~cy. 

10 

FiR. G: Sll<~ctrnlu cd’ r,t-rtical q~~~~~ln~~~olr 
n11bli011 at t11v striilg-trnt 

J--- z [lizI 

till, :rssr)li;rrlt alrlpllKc;liioll KU tlrtvnllili( 11. TIIc, II~IIC’~ *aax: o! 
tllr~ r~Il’l’ll~rIpIli~ Ilz-l’i 11;11r~ at 24 Hz 1.;itll aluplitll(l~-s 5 ‘i !~IIICY 
lllgllr~r than the viiclluxi pilw of tllr, crywt;lt almvc tlir 5mpc]ihiol, 
lh~int. It Ih I~anv I~o~sillir~ to c~ntililatr~ tllr vil)rntiou amplitll(le rrf 
thr inner part (vi’ tlir q~~i~tlr~~~~olr flmul 2% I~~c:IPII~~~~~II~ 111il~l~ 0~1 
thr outsi(lv r,f tllc> vryo.ct;it, 

By varying t11~ hrlirm fiux flow 30 g1.s np to -15 g/,q [(ic- 
sign vdur for tht* HERA prrltcm ring: io 100 .!,,s) 110 cl<-- 

pmdruce G)f vibration alnplitutlc~s ~111 till- hrliutu HIIX ~oul(l Iw 
c,lm~rvcil. I’ncnlull *>wu1b: which an- nrwxswry for tllr isolat 
ing mctlllin llirw t11rnml petit to 111, a*~ whwt*i;ll .‘l -. t’ 11 ,*c\ 11111 Fo,,*c(‘. 
Thwt~ *>uI~ij>i vilirat~~ at frmjllrtlci<,i II< ilr iii<, ~vv>*~;~f~cv 1’2.~yj11~~11~~~ 
Id t11r qnilclrlLpL’l/ 

A rv::~~c’ vil)raliinl alul)litutlrs of thr-, prtlt<uL C~II;LI~I.II~NI~S~ ilr<’ 
(1.8 ,,IU wrtically and 0.G /“IL llrnixolltnlly. First mcasun-wets 
at n r~l~a~lrup~lr in tllr tllxulrl sllo\v higlirr iullplit ntlrs. p&lily 
tlnr to liigllc-r I~diiuli flus, 11111 this nwtl~ 11trtl1w iliwhtigaticms. 
Qllilh,A.h of t ilC HERA ~lrctr~m t.itig vil)r.;lil, wlth swan mm 
piitudcs of 0.G pm l~orizontally. Aualptical anri uumrrica! c~alcw 
lntinris show t.liat the induced liorizontnl anal vertical Iwanl sepn- 
rittion for uncorreiated Inagnrt, motion is not mrlrh mmr than n 
trntll of tlw rrspective twam sizrs 12 Thr effect on thr lmtlinos- 
itr ib IirgligiblP hut nex7rt tlr,lr,s< tlio lwani wlmratirbrl tuight limit 
tllr p~rf~~rnlat~c-r of HERA, na11~1~1y lwc~~mr of clifftwr cmittnlirr 
growtll causccl by tllc, b~a~wlwam i;ltcm\rti~~u 131. The cff~~t iIf 
corrrlatetl niagnrt rllovrrilellt 011 the l~~~ml, tiur to ~rtrllIld 1r1otim 

ih tL5rril,tatl in :I wpar:it<s ;~a~b~~r i.1~. 



1165 

5 Acknowledgement 

‘1-11~ ;111111ory wiyll ta) tlral~?r R. Blillklllallll nl1c1 .I. Rc)f,l,ncl~ fc>t 
\rtlllalllr ;ril:,icr, ;111ri disc:liilon+. 

References 

(1 1 Drii4 A- KJ:IC r. hf. Srrritigc. T.11, Li\.li* 
1’11~7llf~li~l~~ri~~ :~(.(.(‘l~‘i.(‘Ili~‘tl’l.~ wntl Vil)r;iliorl Prc;llnlvlificrh 
‘I’l~r~~y a11rl Al~pht-atic~u IInndl~w~k. 19PT 

1’2’ Ii I”li;t t iilau*i 

13: It. Dl.l>lkmiinu 
A Silllrhticm St~lrl:; for till, I3c am 11~~a111 Ilbtr,lacticjri of l’ri~ 
ICGIC with ii Flat El<vt~i,n U~,;,:II iii HERI\, 
r)EsI- fif3itz 8:~ 3. 19w 

141 .I. Iliil;llai.ll r.1 iii 
hlr~:lsllrr~1l!<‘l1i of Sl o\v (‘Ia,sr,l Orl,~t L1utio11 ill t11rb HER.4 
Elwir, 11 Rills iti (‘f~r~r~l;itifrr~ wit11 G1-11r~ni1 \Iitticbn, 
t111i rollf~‘lY’ll(.~’ 


