
1765 
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Ahst l-act Tlw LEP cmvrgy is obtaind frrxu a field measnre- 
uwnt iu ~1 refmmw m;~qnt% Ivhirh can 1,~ calilxated a.bsolutcly 
[‘IOIL: tl:v !Iri.k i~ll;iq:r;t, iii it !oo? cuJ)rac~iiig it11 LEP dip0lcS (illring 
uii\Kilr’tic c,yr.liilg. To gtbt tiw l)t~im em t,hr nominal orbit i thr 
t ,111, /!Y iiT’t‘< LllPRS,,rCI 1 v+. RF’ frqucmcy for tliffwcwt srxt,l~l)de 
,.ist t Illi< i. Tltrb fi~~vl~~mq~ for xvhich the tllll(Y afti: indrprn,l~3t of 
tilt, Iatrr~ gil-vs tlw :~o~~ifial orbit pping t,hroil& thp CrntCr.5 of 
illi% ic~rtli1)cblc+ Mel, el~w to tliix rclat,i\v alignmrnt~. also of tllL> 
~~~li~(l~.lll~~~l~.s. Tlu* I,EP cn(ygy c~alibrutim~ was ilrll)rc~~;~~d 1)~ in 
,j~~a~lijly, 1>~‘otolih, tr;~l~l)i~ig 111mii OII ii ilifffw71t Ili~rrnonir~ 11111111m 
;III~I ;t(ljrl,.til~g tlw RF-fiw~t~cmcy lmtil rl:cg- II;~v*- tlw SX~~P (II‘- 
1 bit, :t11tl 1llC'IdiW t1w 5i,llli’ Il1oILh'ILtlllll, iis tlw rldrolls hm1. 

Flr)lii +I,i’i t 11,~ *r,vd.~i ii,n frtv11wl1t’y, tlic, ~;c~loi5ty anil thP p atoll 
1~1o~t1<‘1~ tlurl wiw oljtaillc*rt ill good a.prtwwmt wit,li t,hc: mitgwtic 
~~i~lil)ri~:ii~u. 

1 Int.roduction 

T1.v (uf*1gy ctilil~mtio~l of LEP is ilnprtant sinw it t3itPrs di- 
1iv.1 l:i iut,, t,lu, nmss ~I~~t~~~l~lii~ati~~~~ [of the- Z” pvAiclc. The dipolrs 
of’ I,EP ilrr itoIt-l.oiici.t t,, i~~;te~~rts ~vllicll ~md*qo 5-arm ngi9g. A 
rc~f~vwc-~~ mt,qict withcult ccmvt~ crmtains a. flip coil fbr field 
llll’;l,~lllI’lll(.lltS il~f<~rI I*41 tit ir,i “fi<%lil tliSi>lilg” of “fd” ;[l:. Thr 
‘il)<,l<* iili4git-tb iI2 tlLr% 111mwl i-olitaiil a fllis 11x)1) l~lr~lllltc~c! Iii- 

1,,,+1>. ,I, th l~d<- i’;,<~. pfc md tc> a': "Ruu lwp” 01‘ “fl‘. Tl,v>- 

ii*ib x~~iii~iiwl ~H-I iotlic-idi;,. 1):; ;.ll>l. ,lJ-ine. il. hylum(4I.ic ccrrcllt~ rye-I? 
lrs~tn~f’c II +‘2!m -4 ;llrll ‘DOI! X iulil iutxgra;iug tllib inctliwtl volt 
;lK’ ill illi* 1111x l<JOl) .I: ilkotll~y n~dho~l r,f ~wvr~y cali’3raticxi ik 
tllc 111. ilvluc21irwt ,,f tlltb imwl~~tiw frr,rlrlrwy of prot~ms inj~c~t~~~rl 
i1.t 0 LI$P. [3] Sinr#> l)u)tcius af’v uot, llltra rclativisti,. t,lxt vP1w~ity 

c Bl>t ;iit2 ~1 5 !*)I the lllc++l~rc.tl uv,li~ticm fi.~y~wnq’ giws thr llio- 
IIIIYI’~:~II wl1ir.h i:; ilu su114~ for, pr.;tolls and (~(v~~,I~IIIs fcbr a fix-ml 
liin,Kl~r-t .ivttitq ali r,rl,it. This c’nc%rg;y ~itlil)rntinll takes all c+kts 
iil-'a ;I’~u~llllt 1Hli ('ill, iI,. 1;: 10, tl01v ;~rr)ur~il the injcrtion cmc:rgy of 
“I) (;Pl- 

2 The LEP Field Display and Flux-loop 
System 

.i I.~;.YUCI* tiilx&~ ul:lglwt, ii. cc~~twv~tcxl in wrips wit11 t,hc- LEP 
llliliI1 iliIY>lr lXne;ndS. This refcrmce dipole wits made from n 
.t:li.k t)f stwntlnr~l tlipolc lnmirlaticms. I3 mdrr to Cn?llf< tt1r 1mt 
lxi,,~il>l~~ ulagllc+ic ,tal bilit,y. it, ‘vl’iis not, filled wit,h rnortilr, but 

x’;~k 1uo1111tt (I ilk :i q”-‘i;i 1 frilulf~. ~,If~;-,,sit~rtncI~t,~ OF tlic, trmgnrr,ir 

fic*lil ilri’ v;wri<d tillt with ii fip coil numnt~cd in the Irl:vp?t gap 
;A,II,~ the, lm3iticuk of wutral orl>itj. The> flux is n~wwuretl by a 

rligitd integriit,;r tiiF;gwvl Ht, tll? Iqjnning mtl nt the erlil of 

rach rrioxwuent, A more drtilil?d ilwcriptirm !?f this field s-lisplq 
system is given in [1] 

The measure-mmt in the rrfexuw ,lilwlr l”.ox-itlm infornmticm 
alarn~t +hc% fic,l~l inkgrd in thr lwndiqq n~;~,~rIt~ls. ;td thlls t,ilr 
-due of part,iplc% mon~tmtlun at w~\tral orl)it. Tllv resolution i!f 
‘l:c lIl~YLS~KiY&l~llt is al>Ollt 20 I'i;*lL Mlcl 23 ~.l)lrl,s]~lonrling rr’pr”- 
tlucit)ilit,y has iwen r-ontirIwd. 

The xx~fererxe dipole is cdihr;lttd paiodicall~ l-iy a dim-t mwt- 
sirrwliat of flr~u vnl-iatioiis in i 1x3 fliix lcKq> mr>urltcd ill t,llts I~v:~~r 
l,c)k of ~-~rt~k of the, Itmdirll?; IU;~K;:IP~<. Thaws IIWIH nrc’ iorlnrvtc~rl 
ii1 weirs thrct~q.$lo~~t, +~:s(.l: of tl~ odnnt,s of LFX’. The flux vari;t- 
t,i(m ic rnt~as5lrcd 1,y AgIlt Cligitiil itltCgriitOI3 pla,~cYl in t,llP CX’f’:i 

i:ililc.rg’.~~l:ll~l ilt't'iLS of iliP mnr-liine and wliic~h iii trvn i+rc r:oli- 
wrtrd to the LEP cont,rol systml. Polarity reversd permits a 
rll(‘ils1l~(‘l!i(‘iit, of the rtwiimvrit fidtl which is of pdicular irnpor- 
tancP in thrw low Md tlipolrs. This albws t,hc lwarn momentum 
to lw rlrt,rrn~incd to an accuracy lwtt,tv tmharl 5 lo-“. The cdi- 
I)rat,ion procetlurr is dfw-ribed in tlctail in [2] and thp flus loop 
cnlilxations are shown in @UC* 1. 

3 Determining the cent,ral orbit, and the LEP 
circumference 

FU,lll t Iit. fkld tli:q’!;Iy iillli .l.i* fl:ls 1201, ~.;i!il)l-;iti8.!u imf’ cvtbtni:-~< 
t,11r ‘ll’r’g3 of il lwat:1 lj*i i,t,iltral o:.l-bit wllicll il;m’s iri itvwiy!P 
tllrmgll t11c, c,TltcT cd thv ~~~mlr~~polt~s. This cc~nttxl orl,it hns 
R circlllllfcrcIIw 27rIj wllic9: (If+Priiliilvi :I,<, cc~lltr:il w\v~lutirm frra- 
,i,,‘~,:<.!. j’,,. an!! ilira wxitml RF-frvrp~n~~~ fi!~:, 

tic 
i;, - - I 

‘77r11 
f/i/ , = hf,,, (1) 

~1~9~ it ix :I:<, h:ii nlonic lillrl!l)t2 Tlw mvt:~,<i ~:wtl l,<w trt < /I I 
tcmlkw t,ht- C?llt,rill orhit ant1 its rrir~umt,rc,rl~t, ‘IstY tlw fiict that, 
the* srxt,iiIx,!c~~ ii: LEP im vrl*J’ ~~l:isC to tlir c~~~adi.ll~~olas xltl v<‘r\ 
vwll aligned with rtym? t,o thml. If the lxwn goes thrcqh 
t,hr t-enter of tlw sextupdes thr 17cTatrou twos are intleprntlent~ 
of tlas cscit,aticm of thesr wxtllpolw First the orbit, k well cm- 
r~~ttcxl. Then the l)etntrorl t~mc!s QA. RIMI (2, are 1nms11rm.i with tlw 
Q-meter [a] as a function of RF-frequrncy. This is repeated for 
tliff~mwt excit,ations of tllcb wstllpcdt~s, i.e. fm tlifftwnt chrornatic- 
ities Q’ = &J/&/p. Under ideal conditions t,hr linrs Q(f~pf will 
cross at, onr point which c&ermines t,he rcntml RF-frequency 
,ficp,, from which t,hc circuxnfrrrncp I?x R is d)t~zGnwl. The figurr 
2 allows 3ut.h it iwas~wnimt~ and thr rcwilts art: tabulated iri 
swtion 3. Due to the limited accuracy of the measurrments t,hr 
lines obtained for the tliffrrmt thromaticities don’t all cross a- 
actly in one l)oint, XII Crro: ialligse for one standard drviation is 
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shown on thp f%pc~. For the same reason the mdral frequencies 
obtained by measuring the two tunes is not exndy the sarnc. 
IVe wtirrlatr tllzt ttict rrmr in the (.ir~unlfi~rt,llc.c~ measurm~mt is 
of the order of 0.6 mm which corresponds to a rrlative error of 
ahlt 2.3 lo-“. The acruraq of the frequency memurement k 
~misitlcrably hett,er tlmn this mrnhrr and has not bfmi consicl- 
ered. It do(~$ not eriit,r irdo t,he energy ~iilibraticjrl since only it 
mtio I)t+,vc,cn freql~mric~s is used as :vr’ Tvill WC later. The, c+clull 
fuwlw lms tm>n mrasurcd in D~crmb+r 1989 an12 in ?bIay 1900. 
‘l‘llry difbr lay il.!>nllt l.F nun which we tlkdr i? oursicl(s of tllc 
mwluantwt (‘mm. It, is not imlmssible tll:lt *hr change is real 
alit1 r~~liltl 11r r.aut;ml ly tmlpratllrc~ clmng,c-s. iitli.ll fmcf3 01’ emth 
moticm TX:, has to 1~ investi,g;ltcd further. Tht: nmm~retl cir- 
i.lul.f(‘rt7lc<’ ii 0111!~ ;Il,c)llt 10 mm cli%rr~~lt frc>ul tll(~ tlv,jie;Il r;tliu~ 

Tvltii.il iuilil.ilt,<-s ii rtd;itiv+b c-t-rnr of only aimit ‘1 10e7. 

4 Energy calibration with protons 

‘~IIc. i.lu*ray cali?.,r;lticm with l~rot.om [3] ll’i<‘S 1114: filet that t11cw 
part ic.k; arc no: cdtra rc,latiristir at rl:c rnrrgy r?f 30 Gc’\’ 11sr:d 
Em OI:T lm:,l~rinm.tz.. Tll:> ~+&dt,~- 1’ - )J( is tll,‘lt+?<~e n~asnr;~l~ly 
~IiffrrrxI- fIYlII1 rllc, sp?f.~l of lisllt ant1 Cilll I)e llicd to rkt~ernlirlr t,!lc 
1llolll~‘lltlllll. Ill ~‘ibnlTni;t thf‘ sptY“1 of tl:e t~ltdrons Rllfl pmitrrms 
has at, this rncrsy n dativr sliffrm%r:c!> of wl~)‘lt 3 10-‘” fl(ll:l tliit 
Sl)t’?~l Of light Whkll co11lti not, IX> lll~LilSUrCYl v;ith 0111’ nicthcds. 

To ~~\rry out tllr r’l~rp~- caiihration out: first sets; ~Iu, ulncllinc~ 
icy tlnl illjtsctioi: c~nrrg~ gd 20 GrV RU~I inj(d; positroIm Afttq 
an c,rljit r*orrc,cti(tn thr cmtral RF-frc~cpleuq~ ,+if,. , is mr~as;llrr~tl 
Jviili ?l~*b ilh,tlloil tl~w2i’m? in th> ln~;f ~~~i~tilm ii-llicl~ fiivc~ ihc 
i~ll.i~llIrlf~~l.i’ll~t~ 

iI, !j, C’ I1.c 

2iT R = ;LE * i;;,;.r (“1 

:\ftc,t t llii l>r<dol\i ijr<’ iiijidr,tl ilit<, tl~ -ii,n)< tll:rqrlt+,i(, irttiup 
;rntl tl-;t~)l>~~;l i!-itll thts RF s?;!~ 1~11 on R clifft~cwt tmlnlonic~ 11111111)t~ 
ll!,. -rllr~ t11 llr’s of tlY pr”iorl!~ iiT<’ tllt*li lIit~;i~~1i~cYi i\S il fliutic’ii 
cd IiE’-fic,cilll’il!.~ for clifbr.rnt I.hI.i)tliiltit.itifli it-i for thr l,l,\il ;‘olb. 
This rl<~rcmni~~<~s the. cmltral RF-frccl\mlr!- jitp,,, for l~rc~tons TIw 
5clsll?t;i, 11f tit,> ])r~~t~~us tlivitli,tl I>:,- tllc, hi><‘~ 11 of li,.$t i.; 

“T17 f,<fi., ,, i’i.,f!itr” 7 ,I,.--- x I! A.3 .t:,.-,> ),, -. 
ll,,( ~~i’.fi?F..r ii,,,f,i,.-,p = .f,. 13) 

Flo111 +lir lprti~tim -b.c-lc)city mic &cats it Z- lll!~IIl~Iltlllll ]I,, nIli<, liilh 

iii1 c In)r Ili~~lli[,lii~l lip, ;” \vitli rmll~,ri to tllr, ~:{~Ir~8.ity ~ari‘ii* 

)tr, - rll,,c’,l,-,, 
‘?,, -11) =-_ ,,, ,(‘-.+Fz 2A;i 

,/l - ,d,: 
1 -, ___-- 

13 
(4, 

1’ 

Tlll~ llalllloiiic nImll)f’r of tlir t,!rctrfms is h,. : 313’0 ;~ntl is \vvt,l! 
human lwrauv fxv Iuiit, ill this n~mii,rr c~m~~pon~k tr, 2 change 
of ~.ll.i.t~i~lf~,ri.II(.r. IIf i1.s 111 n~lii~k i> K!41 oIlt.illP ihi& ;,,<Y1,,:,2?-. 
7’11(s I\li\!‘lli:l(’ r’11sxrgJ- is 1iIlOWii from tilt> fit,iti tLlspln>- all!1 ill<, illis 
Icil.1) r.:hlillc;,t:r~n to <1llfia,i,,l1t il(‘(‘lirilq. to ilr.tt,illii:ir* 1118, l~roii>ii 
li:lL?l~~)Ili+~ IIIUUIWY h,, which is 3?35S at 20 Gv\‘/~. For :i ~l~i\Il~r 
r>frur’~ llliil ill tlli- lilil~llrr~t. t1Lf1 II!OIIL~‘II’~:II~ v;iai\lrl ~~li:~Iie,f Ii!, mijrf 

ihli 1 R 

5 Results 

of flux loop imelf gives a relative c?mr?ction of ‘. 3 1!1-” at 45 Gr\’ 
and at 20 Gc1;. The earth maguc~~ic field. uot incllldetl calming 
tllc cycling of tllr Iur;ugIli~ts. ld~es il cwrrrrtion of -0.j lo-’ at 20 
Ge\T and -0.2 lo-’ nt 45 Gr\‘. Findl~ ~11~ preml(*c~ of mnr ferro- 
magnetic Ni in the mcuum cliaml>clr Innkf~s fi srniill field c!mrqc~ 
not seen 1~5. t,he flux loop vvhich is c)utr;irle tip c~hamhrr. T!P 
corresponding com&c.m is -5 IO- at 70 GrV and mgligil ,lr at 
15 Gt,V ~3 ol.~t;~i~k~d frcm fitbId nlrslliili‘~:llicIlt~ in tile 1kLljornti jr) 
u;i th the :71m1uui chanilier in p121.~. SiriG.,c> ivt’ ~lon’i kIlC*\V lir-w 
equal the Ilickel is (fi*trihlltccl ;irilru~g hi vl~ul~~-~ s <if tilt* lirig 
this ~:orrrctinn hns a largcs uncrrtaiut~ of aboat 2 10 -‘I. This, to- 
pthrr witli sonii’ otlm llucr:+zdutii~s rcsldts ill :1 l..~l;:t:\~e e2n2I 

of 2.4 lo-” for t,hP sdiiig brtwcetl 21) anil ,15 Gv\~/~. \Yitll all 
this c~~:r.i.wtior~s nrlr o!:l;iiiis ttlr Ii:olnr’iltlull 18f a !,VYIIII I)I~ c~tmrrtil 
<>rl)it. Tll< restdts arc listed ill t,;~hl~~ 1 fc)L D<~(~m~I>Pr 11, 198’3 ~II~I 
hl;ty 31. 1990 :Vhicti were tli(s ikites 8 calilrration \‘.‘il’i ~.1011~~ n.itll 
~““tolls. 

T;~l~lcb 1: F!lis 1001, ciliil)raticni 

‘bYit t:iih tlrm lo<q :I i~:iiil)zatiini iq Ili.rili, ?~.l.i i~~-lm”t III tilt, 
fi~lrl tli~I)li~y for ihit tuoulm~tliln pi 0) oii tllr s~-utr:~l 01~liit. ‘L’o 
q+ ttic uii~~~wi~III~ irt‘ 21. i)llyhim :‘,m iv<% llilif’. to l<ilr,%; 11J. 11, l\\ 
m~cli the ccmr~spo”‘linRding c)rl)it tliffks from ttla, mitral oli(‘. .111 
thaw ~>h).~.ic.s 17111”: XX:~~I* (:<)ne witlk ak~ .ffik -- X225 l?‘?O II/. ‘11~ 
RF ftt.qum.y ,fiii., ~ of tlir +lntrik: ilrl)it is +li*1cmllil.c~tl v..itll tIl< 
Ilii’tlllN~ ~?+l11tY1 ,I, ‘r-t.tlib:I . . ‘3 Tlirs icslllt:, ais’ .Ikt:r~. if ITi,<. 2 
m1tl ill t-am 2. 

l)abe LkY. S!1 nl;l~- !I0 ’ 

.f,,!,,, frrm1 q2 Hi: 35”_‘:4 l‘K..l X22>-! I;‘.9 
r, 1 “..I f 4 5.li 

f’f?j.:., ~I’C>III 0, FlYi 35222415G.O 3G22541’T7.1 
zt7.6 It 4.7 

,fi,r:, , ;i~c~rae;e HJ 3t2?541t51.T 35’2541‘i2.!l 
f 3 Lz 0 

circ~lunfrrmce mm 26 65X 873.7 26 658 S72.1 
$ 0.4 ri- 0.7 

Table 2: C~rnbd RF- frt~cltlrm!.y a1111 ,,irl.urnft.~i,ll~,~~ 

To ~~nrwt for tlit ilitf~~r<qlr.~~ .1 frri, : ,i‘!,). ~ f,:, ,.. Iwt’.~<Y~il rlw 
twt, i’:,mll.f*l.c.i4>. iii~c’ I:-~‘c tilt, wl:itibtIi 

11’ 1 1 l/t!- - -- I ,I I 
p 0 ,f,a;. 

~L.11~~11~ ill’ ll~~c~tl il,Cb ,tii,:lh lilt,*,, f 1~~1.18ii:I i0.1 i’;tr,- 1 I/t iiifi, it 
3.866 ill.-’ for the opri,,s usc,cl l)rcsm~rl~ iii LEP. This givcl s rcxl:+ 
t,ivca i~orrm~tio~l cjf -3.0 1W’for Dt~mut-+r 1983 :~r~cl -3.:) IO- ’ for 
M:ty 1990. 

Two cditmt~ions using 1)rotrms WPI(’ carrid ~>ut at thP LEP ill- .I * 
The, I,PW~I s of thr Hlux loop calihration~ tionc hrt,mrc~n October jlsrticm 1tmncnt1u11 oi 30 CkV/c. ‘T!w firit, OIP rl~m(~ in D~~ntl~:r 
1083 nncl hI;iy 1090 xc’ ~11owrI in figl~:t~ 1 f<lr -15 Ck\‘/c~. Tll+ I’M!, 11;b 2~ rr~l:ttiv~~lj~ larp ~*nxw Bir rlits ~~l~hmvittio:~ 01 t Lc 110~ 
Illulll~rrs I?;iVc, tll(s tlrvinticm of tllc* raw cnlilm~r,iori from the ficvltl imlital tune% Qz ~m~lml~ly dut? to a snxdl tuw i~l~nqe occlzrrikrg 
tlisl~li\>~. .~II ~~s~~orlc~rlti;~l fit 1la.s lm71 ~iiatlrx thrc)lq!l thcz pints. dnrilq tllr cq)c*rirl~~~Il:. TIP O~IP tlo:lr. ix1 11;1~, 1YNl \\‘,>rl<< (1 11131 tt’l 
Tht rfh ars’ a fr,y.\p I~or:t~(.:i~>ll~ t(r 1)~’ al>l~:ir~~l to tlliy ~l;lt:~. TIJV ;I$lig ;ui,i i- sl11m71 :ii figllrt, 3 7’11(1 rf>hlilt:: it17 ilum,iari7i~~l ill t.alblt~ 3. 



Dak 1 11.12.89 1 21.05.90 

,fH F,.? frc Ull Qz Hz 1 35Z49435.3 1 35’22192d7.5 
f 190.6 rf: 19.0 

Jnnt frm1 Q, HZ 3522494;a.; 352249237.7 
i42.3 f 18.0 

.fW,X a:‘rriigY’ HZ 3522494:1.5 352249242.6 
i TO i 20 

,‘I,, 0.99590’5 0.93E901S 
-k’.l lo-’ 15.7 lo-” 

~)(S==O) GeS’/c Z).OlW 20.003s 
f1.0 lo-’ 10.3 lo-” 

p(fidtl display) Ge\*/c ‘0.007 20.009 

I [I( 1.) :-I)( ftl) )/pi Rl / 1, l.G 1; 1.011OF j -. 2.G i 0.3)111- 

T;,l,li~ 3: C’;ililmtticm xvii11 l)rotrm+ 

c’oliiparillq thcz rc<lilt5 of tllf, l!rc~ton ~~dil)Iatim wit,11 tllr flux 
I~Ic~~~ wslllty ime finds :I ~lisrrq~a~~c~: of al)ollt 3.3 lO-” in D~wdm 
anil 1.,4 111 ’ in !kIay 7rllic.h i+ *lilt iucimhishll collsiclt~ring all t,llc 
t-1 rs,b, \I’<, tllii.li tllty 11ro!olLS c~idiljtiitiolh iir( :;li&tly 1110rP nt’ci:- 
I‘ilTC’ illl(l i,dw tlwm for w1uiv at 20 Ch\‘/r. For th scaling to -15 
Gv\‘jc~ bvt’ ~u’it* tllv ilifSw7~rv~s hc~t,awii ill<< fl11x liq~ c;tlil)rat ions 
il/ t li(w two uiiwje, \vllii~ll iw talcs ficlm tllc fit ~11ow11 ill tilt> 
lc!\vrv. 1sirrt of fi#llW I l.il/ll~‘i thll ftx~111 t;\lr!t’ 1. TllPlr al’<’ snmr 
ift:lr-1. c$ft,4Tr :vl.ivh tlavf, :c, lxx co:eiclt~r~vl. Tll<x Ilrrr.i~ol~t:ll o:,Irit 
c’c11.i ~v,tr,r? i”cJ1 i<li~ h~dtlit lic*;lllill;< ilIlt c~i~llld ll:lVcs R 5lip;lit Isit;‘<’ 
OIL 111ts m(~g,~, Thy :,w t~nlwl illto ac,rtnmt 1,~ tllc> cnlil~~;~tic~~~ 
witll ~I,Y>-, ,I,>. TT<in<w~ tlw powriq r>f tllc:<c, cr,rrwtor~ can he 
tlitfrrcxt for cliffcww: r1mq. By lric ~kini?; at, tiifkrl-nt f>rl)it c~mfi,gll- 
~;tti:~~p lllr, r’rlr~r i1 c~:i:ll:lt.r (1 to 1,~ iln;~llm tli;ni (I..> iI)-’ ‘1’11~w* 
a*+~ tjvr, c,iEvts :vllicli c,c)r~lcl ~lliiiic’ sligh: i1iffiwi.w~ in tlw wnt~~r (if 
i~i;t.i ~‘1147fq ilt tlitic~rc,111 iliii~l:~c~tiiin ::cbii.th. Tl~r- clidril)lItc,cl IsH:. 

cd <7:1,1-e,>- tliw t(8 5~,wcllrorr~~l I;k8liati,m ill tlit, Iwncliug nla:qlc~t9 is 
iiy;l;h:c~l 1)~ I~lv:\li/(vl RF‘ ,t;lti~!lb \vl~ic+ c,iTw il*l ilhllltlii~l (*ii 
(‘1 q. r14y~t ucltq1-c. r)E e,;ii,l~ l>r-;t~lr. ‘I‘llt~ 7uu oi t li(k t\~~il i‘nc ril;it,i il- 
c C>llitil:lt iilfbllll~l tllcx I.iii,; l)llt rlii- i5 110’ ~?:‘,i’rl;,. tr1u Iiu t11t i’?,, 
II’: (If Il,iiY> t’urq!,~~‘. ()lics RF-~t;ttiol. <~>llltl gi\.s.* lc+ acr-chwtic~r1 
to 0w l~~itl~i c~~11112;11wl t41 till% idhi if tilt’ qviciilg lwrwcvw t!rv 
c;l\.ilit,i is 110’ f,?:i~i’l ii ii nillltililr. 0:’ -l:t~ RF nx\-r li~ii~tll ;citi, al 
tllcy bi,iilt‘ timi,. tlic- ])lliihiujL is lk(d coI’rc’U. Sllcll itI1 dht will 
Iit. r,iiilil~~~l~sntc~I ill ;rct’ra~e~ i~i‘r)ll*~~ 1 t.ll(, lirig hilt 01iil~l hid to all 
i,~/jlillltllit! I.rlltt.1. of ,1,i,s,+ i’iii’r,<y tlq”‘“‘liwY. rhJt,h of th?sr c-f- 
lrv.ti, itri- <':-tillliltl'il to 111. lii~$i9il~l~~ rltll,l” PVi ti! illi\ c,t,liisr (>iii’r#J’ 
f7iini. ‘Plli, risrdts :~:‘a’ hlllrlniarisrtl i:i tal)lr 4. 

Il;liC- 11.12.89 2 1.05.30 
!?L!Li_i.!, 2,) &,l.j,. 

l$if~) 10 ’ 1.6 i l.!) --2.G i (1.3 

c+frrt3 cd l‘orr< rtor? ~$(~. 10. i 0.0 i 0.3 0.0 zk 0.5 
5cwliiie t,o 45 Gc\‘ic 10-k 2.3 i 2.4 -0.7 rfr 2.4 

I)(O)-l’(ftl)/l’(f~i). 43 c;+,T’:c lo- L 3.9 12.G -3.3 i 2.3 

~‘~~‘11!.5.)-1’:01~1’(0) lo-” -5.0 ri 0.4 --3.5 i 0.7 

l,i ph.\.“. )-I’[ fd)/lP(fd )( 45 CGv17/~ lo- 1 - 1.1 zk 2.7 --GA!? -c 2.6 

Tal~lt, 4: C’alil~ratit~n for i>llysi<.s conilitious 

6 Conclusions 

‘rho cqic7~y c:dil,iatioll l);rv~~l OII IllagtPtic lllc~asllrc~lli(-rlt~ uml- 
l,isivl sit11 tlw fill?: lc~c~p cnl~hr;ition is ill qo~ltl h,yr~~wrut wit11 
tl113 u~omtutlml tl~~t~~I~lnillntir,~~ \;:ith l>rc,tcub ai 20 Gv\‘/c. For tllc 
w~!iiig to 4,7 Gc\‘/~~ t,lu* flllx lc~bp is ii;rvl. J%P rrlatiw rncqy 
tm or af -15 CGrly iq al1011~ 3 1OP 
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Figllrc 12: FinclirlC; VIYITTZ 1 orbi” v;illk Ixx+itrolls 
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