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?1tur. 1 .hO”S . l “P.r’Eond”Ct‘~ *11.nnt ‘0 .n 
.xt.mal *‘*la d ma M.i.“.r ***met ‘nduow 
pw.‘.C.“C l*h‘b3llyl wrr.“t* that ‘1.. r,., to ,?,a 
r..‘d”al 1l.ld. 
Gr..n”~. 

Aa dl.0um.d 1” ttm papa-, b, 
UC cnmp1*x *‘*la 0’ - 8’ l IB’.““’ ,t 

the ob..rr.t1on pant I, d”. to. *11L.nt It *c I,: 

otta on r,‘m pw.‘.t.nt CvrW”C r..‘d”.l I‘,lQ. 
1” T**~tron dipol.. arId quaarupol~l VI pr...nt.d. 
7‘~ 0.t. .r. cap.r.d t.4 th. doubht th.w, of 
p.r*l.t.nt Curr.nt *1*1da end an ..Cl”,. 1, g1r.n 
*or the ."lC‘PC.l~ f‘11dm .IbeCCM in tha 
SuparCOn*“Ctln, i”Q.r Gal1,d.r tti, dipcal, prop;;d 
b, ,.r.‘l.b. 

The “~n~t‘~.t‘on th.t 1. ‘en.r.ted by wrrent, 
due to the Ilc,sner l ***et 1n type II .“pmxm¶“Ctln# 
*,l”.nts h.. be.” l x~cr,..nt.ll, M..rv.d In yny 
accelerator and be= 11110 upeta”‘*’ and l doublet 

uwory ‘la. been ocveloPc4 that ICEO”“t. car me po,. 

*c.tures Of tnc r.¶ult.nt pers*stcnt CYrrent *le‘*.: 
me dlpolc ana ~cxt”Po1c flelda. ror 3 In. to 5 

‘Il. bore d‘cmeter dlpolt. .C . reference ,Sdl”, o* 

2/3 the .Ptrtur.. .I-= trpica11y Of the order Of ID 

‘*“Ct. I perslstcnt alpole IlCld 0, Ch‘S m.adg”‘,“d. 

ID not l Prob1.m *or .Cceler.tOr p.rl.ara.“cc since 1, 

dot. not erract the “chine’, oyMm,c l pert”rc. 
Hor.v.r. the .Ifcct of th. ~rr‘stent scxtupole r,.ld 
1, to produce dl.a.trOu. ChrOUCiC l berrrt*o”s .t 10” 

“lnet l xc‘t.tlcn IlRl.~t‘on. fw emm~lel th.t ."st 
be corr.cte* I* 01. .EECl.r.tor 1. to perrorm O"W a 
1.m. mxam‘c r*n(l.. =.)r 20 LO 1. a. .ntlcip.ted I” 
the SC P.f.r.m~ ‘Mltn.’ Ilt,,ou(yh there ..y be 
.tra“ht*orY.rd W.Y. to cmpensarc the YnrUlCCd 
.cltupole and h1~b.r m1t1p01c. r‘th ,“dl.‘dY.l 
ugnet CorreCt‘on CDll. 1t may be po..‘b1. to iEpro*. 
on the rundcmental dlPOl. d..‘pn and ‘ncOrpOr*te the 
eOrr.Etlon. I” the magnet et the COn.tr”Et‘o” stag.. 
Th‘. later pQ..lblllLY “‘11 rtq”ire . thorw~h 
~Id.r.t.ndlW OI the YCh.“I% w‘,.r.by ~erslst.“, 
rlelds al-. *.ner.tcd. It I. I” Ch‘. CLpirit the, the 
eata .“d calf*.t~ON on Fe”‘1.b tellwon u.p.ts 
cr. preB.nt.0. 

.opar.ted b, un,r.r.,t,.. B...arCh A..“. 1°C.. m&r 
emLr.ct “‘th the U.S. Dep~t.ent of Energ,. 

An abbreviated version of this paper is 
published in IEEE Trans on Magnetics _ 

Her. c 1. the doublet strewth *actor uh‘ch depend. 
on the depth or p.“.tr.tlm 0, tkc pE,.lSCMlC 
Current* rithtn the i‘lcment. For . run, penetr.tt* 
fll.m.nt the mad.1 or “. A. oreen ,,..a c - 0.423: 
T‘M Cr‘t‘cal Eurr.“t *.Mlty J , the a.‘, packing 
factor B. I... the *ractton or Fin tree that is 
.etall,C. .m the vu ,.t,0 of copper to 
~“PercOndYCtor. a. also .Ppe.r ‘m me upre.s1w *or 
r*. It Mmlld be mted chat. 0Lh.P wsor. being 
equal. the Pers1atcnt Curre”t *1e16. are prcqort10Nl 
to the *thm.nt Q‘.mter, 0. I” cmpuiry pers‘st.nt 
*,.ld. goncr.ta.3 In magnet. Yitb .‘.,lar ‘eaetry b”t 
d‘r*er.nt *,1.ment are the p.r.m.ter, c, tb.t 
dC.cr‘bes th. *rtent or pe”.tr.t‘on ..Llt be ‘mom. 
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The doublet .tr.lyth. r. ‘8 the .r.rye 1 d Ml.,. d 
1. th. d1~t.r~. b.t”..” the pos‘ttre .nd n.~.t‘rc 
CurrCnL Cl emp. and I IS tnc 1nt.y.t.* Cur,.“, 
am*,,,e, J 0I.r t.h. rtg1c.n or pe”etr*tlOn. me 
..1ue or r d.P.“fJ. on the PreY‘o”. v#nct‘c h‘etory 
o* m* KuPtrCO”*“CLOr, r11wnt .s.m.t*r b. .“d ttl. 
Cr,tif.‘ curr.nt d.“.lCJ J (8) .t the ‘octi r11ucnt 
Cl,.. me .nsl. 0 ,* pErp.nd1c”l.r t4 the B I,.ld 
tlmt I. .lt..rn.l ta the *11...nt .nd ‘,I.. ttlc 
or‘e”t*t‘o” Of ChC curr.“t doublet. 

to *incI the pers‘st.nt Curre”t .*t,po1e yYw.* 
*or Ymct. r‘rh apole ~ymctry. 1.*.. .I(%) - 
-J(z). the .=pr.ss1on ‘l”.” *or* ‘8 upm.3wJ I” 
powers OI ZIZc and 1”t.gr.t.d: 
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1. uprc...d In Ch. pore, s.,,.,: 
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, the COD and b&t& d‘po‘. Co‘lS are Yd. 
*rca .Ypcrcmd”ctor “lms. J .s I) cur... arc 

d‘**Cr.“t. then pers,srent ci%rrent *am -nt. “I 
.ppear in 8e.Sur.d data. The **ctnr r’ 1. rp yh.re p 
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ln. In l t*ndar* nltn. *r* a mtandud tmlt ia 
ObtaInad by auppr*wtry 1 *actor 01 IO-. an4 B, 1, 
tb. Yin *idO (the Ol~g,, l,.ld ,W dipoh. OT Ur 
qwOrupol* *lmld *or qwdrupol. u*wtb). ml0 
t*ohntqu ObU‘n 001**101*nt~ to UI ablolYt4 
l our.0, or 0.5 Mlt arId t.0 I n1.ttr. .OM.FI or 
0.1 lm‘l ra Y..UTmmt# “da l qwntian* .t 
dlrrwmnt “‘MC nclt,tlon.. I” t*‘latron ~.CS 
th.r. 1. aho., no rv‘.t‘on 1” b * . “1Ch -t 
n0it4ti0n ~~ibOb14 tO iron Utur4eim~ln VW pOkc 
or 0011 d.*om.tlm. and w lntwprct ob~crvcd 
.ul.tlon In b” to ba d”, to .v,.t‘o” 1” b;. 

lot only mmt l rcll.blc Y..urmmt of th 
h.rmxllC OQpOn.“t* or the aq”*t‘C *Iold be “6.. 
but .lw the pow- .uppl* Uut prorldc. th. trumpOTt 
ourrmt mat make truuttlooc *k-cm one wrrcnt lrr*l 
Co the lUxt rttbwt o~cr~hootlundcrUmot~ u the 
ourr.nt 18 lncrc~~cdldccrc*scd~. Itn 1bttcr 1. 
.~scntlbl bcc.u.e o* the b*bt.r.tle behavior 01 th. 
superconductor at the at. presented here rlll akor. 

?*w-c 3 showc the 12-p-01. wm.nt, b.. 
h~stereclc curvcc Ior two tevatron quadrupclcr rlth 
the .uc wmttrlfal cm..-.ectlon. but dlflerant 
**lament 0lz.c rlre. the date rop the .t.ndard 
wcdrupolc I-9um Illamcnts~ cre I.bc1cd TW22C rhlle 
the Other act 1s 0bt.in.d IVA, Y~.JUP~C~L. a, a low 
beta lncertlon wcdrupole 91402 (-19um fllamentsl. 
The r.tlo. or the . . ..*Cd *l**erenoea 
R - Ab,(std Cabl.)/Ab,(la bet. c.bl.1 .t SW. *OO. 
5th end 60~ are 0.36. 0.39. 0.3,. and 0.40, 
rcspeCtlrclg. The average of thece valuec 1s 0.38. 
To ccapcre these rc.dt. with the prcdlctlon of the 
wr8lctent current theory we note t.h*t c*prc..loM 
121 and (4) dlflcr only ln the factor tDlll*al for 
m&net3 ulth idcntld pxwtry but di**ercnt rlre. 
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m.p”ct‘c r‘cld. 
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dlpcle coil or035 caution and 

This Is pcrtlcul*rly true In the ior current rsglon 
Ihere the *flzmcnt. are not lully pCn.trated by the 
.hleldiw wrrent.. 
d.,,th. 6. I. obt.ln.6 by .b~ly‘“& 0 I 
.d~. or a *llu.“t. The ch.mst ln B nrccscary to 
l ch1c.e full penetr.tlon 1. round Irm 6 - bBI#,J . 
,or J or 12 x 10’ Ah’ cod *il.m.nts o* IO... . r1iix 
.h.n& of .bout I‘d 1. mSf‘cl.nt to .atur.LC the 
rllamcnts rich shleldlw current. 

fo calculate the persistent fields a transport 
nvrsnt magnet10 *isI* up la generated with one o* 
the *tamer* *ieM ~cl~ulatlm propllu. AS m 
couple the Tcvctron dipole winding end *leld are 
.hom In I‘wr. 2. “hen the Ileld I, koovn lm‘d. 
the "‘nd‘ng the .al”.. of Je and II can be determined 
end the integral In aguctlon I21 can be pcr*ormed. 
The critic.1 CuPrent dendty. J , for Mb71 a. . 
Iunotlm of S I. #l..n In the wp.P 0, (teen.’ It 
.hould be noted that there cm bs eomiderable 
.Vl.tlon in J ti1.h In turn leads to mcertalnty In 
calouhted &dual *,.1d. .Jp.Ci.ll~ at la, 
currents. 

Ilusur.m.nt ~.cbnlq”e 

me data on perslstcnt *lcl*s have been obtained 
br inteSr.tlng the output roltlge .I . rotatable flat 
ruwi* coil declgncd spccirlc*l~ *or accurate 
-uremcnt or the titipcle **eldc of Teratron 
*~pol.s and q”..¶r”Qol..: me bs.urlng toll. YC 
I.br1cst.d rlth bucking coils ~40 th.t the dmimt 
*lelds are reduced to the point where the other 
l Ultlpolcc EUI be easily mcacured. Fwlcr acal~sls 
or the res”lL.nt .i@al. rlong “lth the k”0t.l 
gemetry of the .easuring coil.. ylelda the sari- 
hcr8o”lC coe*r*0,.nt. I” the mltlpot. cxp.m10n 
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Plgure 3 7cr.tron qumlrupdc 12 pal. -nt b. 7. 
current. The scales on the hrt end rleht rarer to 
the standcrd quadrupole TQlZZDl9pm *llucntsl and the 
low beta lnscrtlon qucdrupolc Q1402l19um flluentr). 
respectlrcly. 
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3, ‘ I. “.Ud la b. th. ..m. *or boul “‘MU .“a 
Ml. q”.nt1t, (I*.) aml be r.c..t I” term. or WI. 
n-r .r *llunt, ena a.,r cm.. ..CtlOn.l em... 
WI.” we *tal” me theor,Ll..l r.tlO 

I 2050 o’(rca Cal.) . 
t.h - 310 D’ila bet. oeb1.T 

me ntmber 0, *,h..nt, I” th. .I.“d.Fd .no low bet. 
.trmd. i*, r..p.Ctlr*lY. 2050 and 510. me 
vmor.t,lC.l r,t,o “ith fh. naln.l **1u.nt di.m.t.r. 
or 8.T aed 19.3 lm I. 0.37 rnlCh I. in &c-d yr.unt 
“lt.h the ..“a-.4 aeta. Cc998rIaon or the 12 0019 
Ily.t.r..i. 4.t. end . th.O~etIC.1 “lc”l*tlon *or 9um 
*,l.eant. .hce. rmnt .t the 15 to 201 lW.1. 
*or au91*. .t 3Dor the m...“r.d end c.1C”ht.d 
,*1”u or s; Y. -D.86# and 4.03‘, r*l9sctiv*lY. 
nl. c.le”*.l,on. el.0 I”d,c,t. tll,t *or t,h. C”rr.“t 
F.‘iml ebo.. 3DOA on. me-d not WmT, ebout UK 
r.1.t,,. p.n.tr,tlon *n the tuo 4,ir.r.nt C.bl... 
I... WI. r.t,o c.* 12 pal. mc4we.e *PO qu.4. built 
r,th the wo dl**.r.nt *11usnt size C.bL.. n..4. ta 
be COTr.ft.d by I... Lh.” I05 in the 300 to 600001 
l-.Slon. 

CI.LLI CI.LLI 

w&r;;; w&r;;; or IboUt- ‘PI: or IboUt- ‘PI: tn,, r.pr...nr* Ihe J tn,, r.pr...nr* Ihe J 
I” I” YnY*.cf”r. YnY*.cf”r. .I th+ rim en4 rE .I th+ rim en4 rE 

.on.,.t.nt rim th.*m..*“r.d ehort ..apl. #et. .t .on.,.t.nt rim th.*m..*“r.d ehort ..apl. #et. .t 
5T”. 5T”. 

The .pptouc ..l”. or *. norm.1 YICu9Q1. 
-“t. D.. *or m159 I, 13.1 “nit.. mieh I. QlO.. 
to wm . ..res. or 13.I “nit. *or tile ..nt.r portlo” 
or tnetron d,F-al... the c.nrr.1 13.1 ““1t. ar. Wd 
to Deleno. the n.~.t,.. ..a”pol. ‘.n.r.t.d b, tll. 
.nP. or VI. “i”dlng. TO ,,“d Lh. p.rri.t.nt. cvyt 
“xt~l. In ,.u.,. we 0.1cul.t. S; . 0, r’ (b. -b,) 
II r - 1 I”. Iln wr.nt d.P."d."C. 0, s: 1. 
In4ic.t.d I" ,lgur. 5. Da. Ii-Q t(ro dl**.r.nt up 
rup. em . on. reu., d,**.r.nc. .f 801 d.9.rditu on 
Ih.th.r th. ugn.t he. b..n qu.nch.4 b.for. the d.L. 
ml-. talc.". the ..xtupol. ri.14 .L 22OA I. -6 I.".. 
l t 1 I”. 1 0.h"l.Llc.n or me .xp.ct.d p.r.i.L.nt 
e”rr.nt ..lt”PQl. 11.16 I. .l*o g1r.n. Nrhowl the 
th.or.tle.1 curv. 1. not I ,ood Iit fo Ch. tit.. th. 
1W.l or p.r.l.t.nt *,.1* 1. correct I" the r.,ion or 
int.r.*t end ‘I".. con*ld.nc. met 41rr.r.nt dl901. 
‘.m.trl... ."Ch e. tlm.. or 1nt.Pe.t *or the ssc. 
C." b. r..son.blg ~.ckO".~. 
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.bOYt 1 I.“... oy cyclln, me Y‘Mr end then 

. . ..urlns a. dlpol. *,.1* .*t.r Lh. power wpp,, Il.* 
b..” *“I down. the r..l*wl dlpol. 0.” b. “..“r.*. 
c.r. .“*t be ruen to .I.0 *.r.“ln. me 11.16 d”. to 
Ih. ,rm ,ok. lh.t .“r~OYn*. Lh. Orpa.t.L. to 
. . ..“I-. t.h. l-..an4”~ ,ron *id*, it ,I n.c....ry LO 
l lnln1l.t. me .“9ercond”cl,.# ,er.i.t.nt OYPt-mu by 
“.r.ln# the .“p.Pcon*“ctor e1tll.r 111 by qu.nch,ry 
the Ysnet on . HCond l-up thet *0,1a. Lh. re.ldY.1 
11.16 “..Yn.nt. or (2) by rlalng mn ‘.. t.hi=O”6h 
Lh. u,n.r “nri1 Lt. t..p.P.bJr* I. .00”. IOK. 60th 
meLhod= ,I.,* 6i0.5 I.“.. Ior the iron 11.16; .nd 
when ml. I. .“btr.ct.* *roD Ihe r..,*“.1 rield. me 
~-..ult 1. 6.9 end 7.1 WY.. *or the ~.rsi.t.n~ d,901. 
rxe1d. I” ,.&net. 760409 m* 1111159. r.,p.ct,r.ly. 
c”rP.“t *.9en*.nt . . ..“r...“t. her. elm b..” med. 
rim en sml prob. ul.t he. the ..n.iLx*xty to . . ..“P. 
.b.ol”t. 11.16. M Lmtr.I- uun 1 ,.uss. By 
.“btr*CLxng the “9 .n* *mm r..p sm det,, .t ,ooo* , 
*‘**.r.nc. or -14 I.“.. 1. Dbreinsd . .nt,c,p*t.*. 
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Pigur. 7(.) no409 lwm.l ..lL”POl. mmt. b.. 
I.. CurPent.; Zh. tr.n.Ition Cur”. .hW. hew b. 
cbnses when me *cm rem9 ia halted .t 4OOl en.4 the 
Current 1. r.*.rs.*. lb) V.rl.t.lO” or me SC*.* b, 
.a. .c.1.* currant. sceled det. em two rr.n.*ricm 
Cur”.. Y. Plotted. 

OIPCJ. ssc 

me prOpo.ed 2 In. dl.0.t.r .p.Ptur. Fermllab 
wrsion or the ssc dipole he* a two shell COXl Ylth 
“.dS.S I” the co11 “l”ding to pi-w**. *Id* rileping. 
The inner men can*uctor E.bl. 1. a.*. *rO. 0.030 
I”. dIemeter Strand, calt.ining 710 m47.5ni 
*ilament. of diemeter 16.5~. “Ml. the 9ropo..d 
outer .h.ll ha. smevhet k.. .“p.rcond”ctoT. 
C.ICYl.tioN on *.rslsr.nt li.ldS her. ass”nme* me 
.¶.Ee co”*YcuJr in bOwI Shells. me CUPPent 
*.P.ndenc. or the PeP.l.t.“t dip&.. e.XtYpO1.. end 
*ecapa1. is expected to be wry *,mIlar to the 
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