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F”ND*NENTALS OF MAGNETIC HEdS”REHEWTS 

WITH ILL”STRATKJNS mm FERHILAB EXPERIENCE 

*bStPaCt. Techniques r-or nlsas"rsme"t Of 

Wg"StS used in aECslsratoPS and beams w-s 

*isc"sssd with emphasis on princ‘ples and 

limitations Of the "WlO"S techniq"es. Selection 

Of parameters to measure. mechanical, electmnic 

and data Collection iSS"SS Will be dlsc"ssed. 

Illustrations Will primarily be selected from the 

SxpePlence in measuring InOPe than ,200 
superconducting and more than 600 ~onwntional 

magnets Ior me Tevarron at Fermilab.'.' 

TECHNIQ"ES Mm P*RP.METERS FOR "EAS"REMENT 

FOP typical high energy physics SpeCtPOmeteP 

work. as TOP many OtheP sfforts, the analysis Of 

traJectories requires a detailed point map Of the 

magnetic IlSld through a large "duns. FOP 

Sy"ChPOtror,S, storage rings and beam lines. the 

mathematfcal description YhlCh 1s employed 

InYo1"es a paraxis approximation in which the 

"Sd"1 i"foPmati0" is a meas"rement Of me 
StPsngth or tile bending and focusing fields along 

a design trajectory plus a measure Of the 

"on-uniformity in nearby regions. DescPiptlons 

WhiCh prwic3e the most insight into aCEelePator 
pPOpePtieS employ a harmonic deScPiption Of the 

Glag"Stie field error-5 i"tegPated through sn 

slsment. I" mast applications. an element which 
1s con"e"lently built in a factory is suitably 

described by the integrated tlamnonic expansion or 

the devlatfms worn a th‘n lens OP point bending 

approximat‘an. we hS"S round mat the end ffSld 

meas~rsmsnts o* representative mamets (at most) 

is s"fricient to S"ppleme"t the detailed 

integrated meas"reme"ts on every mamet I" the 
Fermilab TsYs.tPO". 
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Es- E ic,r(J-l ) s-IIJO + x,1 GJ - CJ e lxJ 

J-1 

fi the co-ordinate rr?.“Sformat*d” Y’-EY*I is 

awlled with ICI.1 (a rotation, then letting 

PPhE values Lndicate the Yalues I” the neu frame 

.*& J =; I-J 
Ap ? J-;;;;:!J,l gY 

TO make this more Concrete we calculate the 

first *eu temm *or b,, with E-1. ‘I-x 

bj . 
JX - 

bJ - bJ+, a + bJ.2 2 
cJ+l ).I (“)’ 

a 

$$ = &l &!%a - j$d = Y* 

Whwe n is the magnet‘c flux. we begin uitti the 

Simple radial loop probe Show” I” Fig”Pe ,a. we 

ass”me mat the probe has POtatea thPO”gh an 
angle e I-mm its StaPti”g angle 6. Ir It is 
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located I” a maB”etic field ChaPaCtePieea by 

tlamonic components CJ referenced to the pmbe 

axis, we rind 

A - Irn { ; ic L&J e- 
J-1 J J 

iGJ6+Js+~J~, 
- 

where the coil has length L and ottlw 

parameters are as show” an the rigwe. If we 

measure me “Oltage Yp as a f”“Ct,iO” or e I” a 
a-pole magnet it Vlll be s1”“soicJal with an 

.Wlplit”de 

a b c d e 

Figure I End Pwjectian of Coil FOPUIS FOP Harmonic mssurements. a) simple Radial hip 
b) Morgan sextupo1e coil- Cl Tangential coil With NT 

6) TeYatPO” Dipole CO11 e~Te”at,ron Quad CO11’ 
L”P”S in tangential coil & N‘ 



me flux ‘ntercepted by this coil in a multipole 

field IS given by 

n - r C$ C/J J-1 
X(2NTSi” JM2 * ND(l-(-l)J) co= (J+l,n/rl 

coil Type Hotlo” Readout ReCOPd Locatlo” 
Speed Data 



very impOrtant to pPOYi*e as OPten as possible 
for re*“n*a”cy Of me.ss”PsPe”ts. Re*““*a”cy 

allovs problems to be spotted as they OCCUP an* 
the COrPeCt hardware cause Identified. The 

PPOblem Of pPO”i*l”g rigid quality assYPa”ce 
tesr,ng SOftYWe I” me same package Yith 

nexitde prototype an* Study SOrtYaPs is a knotty 

one. me rewards l-or SO1”‘“~ it are a canslsrent 
reedback from each to the other rw better 

quality in each. BY *ac,ng me me* in the 

design stage or me so*tv.sPe. suitable choices 
can allow this to be the cost effeCti”e salution. 

FUTURE OPTIONS 

‘ItIe Only radical new technology *or “hiCh I 
see hmedlate applications to the problem Of 

magnet measurement 1s NH8 imagl”g. me 
*eYslopePs or reSO”a”Ee imaging systems aPs 

de”elopl”g SlaBnet Ileld mapping systems for large 
vo1u.e systems. me possibility o* applying SUCh 

systems to accelerator type magnets SbWld be 
explored. me general pPOble* Of providing 

systems whose geometry can be mathematically 
modeled vim sufficient aCC”PaCy may Pemal” me 

dominant Lx-‘edem. me rapidly mat”rl”* 
technology Of SQUIDS !rw**e a” extremely 
sensltlve tectlntque to sense IiddS. 
““fortunately. the Sens‘tiY‘ty Of these *eY,ces 

lWlY systems with extremely h‘gh dynamic range 
i* the simplest WnCeptS OI using SQUIDS are to 

be applied. Modern developments I” electronifs 

an* SOftYaPe cO”t*““e to pv.wi*e Co”Ye”ie”t to019 
to de”elop tradltianal magnet meas”rement 

systems. 
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