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Modification of LAMPF’s Magnet-Mapping Code for Offsets of Center Coordinates

Abstract

J. W. Hurd, S. Gomuka. F. Merrill, and B. L. Weintraub
Los Alarnos National IAoramry

LOS Ahirnos, NM 87545
abouthe magne4ic czmer inm.cadof rhc meclumkal ocnler.
The algorirhrn for this lransfornmtion has been derived and
will be shown.

One of tie magnet meawemcms pformcd al LAMPF
is tie determination of k cylindrical harmonics of a

quadruple magnet using a rotating coil. The data are
analyzed with rhe code HARMAL [ I ] 10 derive W
amplitudes of rlre harmonics. Inilially. the origin of rhe
polar coordinate system is tie axis of k roraling rxil. A
new coordinmc system is found by a simpk mnslation of
the old sys[em such IM rhe diple moment in tie new
syslem is zero. The Origin of ltsis rranslatcd system is
referred to as the magnelic ccraer. C)ivcn rhis Lranslaliom
tie code calculates k coefficients of the cylindrical
harmonics in lhc new systcm. The * has&n mculificd
10 use an analytical calculation 10 delerminc lhcse new
cocfficiems, rhe medmd of calculation is dcscribd and
some implications of Ibis formulation are pwersmd.

I. I.NTRoDUmION

lrr linear ad ckadar ~tcrwora. quadru@es are used in
an al[emming-gradiem corflguralion for 8Uong beam
focusing [2], llw force on a panicle due to an idea.1, squnre-

cdgcd quadrupolc is linearly proportional 10 Ihe radial
diwncc of kIc panicle from rhe inter of the magnet. Real
quadrupcdcs have pmurbations that inlroducc k!ghcr
harmonics in tie field [3]. h is desirable [o limit ~c higk-
ordcr flcld components of w magnelic clcmems as much M
possible, cxcep[ in special cmcs such as sexuqmlcs used for
chromalici[y corrcc[ion... For LAMPF’s 750-kcV prolon
rranspo~ high~~der fields musl be rneasurcdand camcIti
10 lwucr than 0,1% of ihc quulrupulc field in (.hcregion of
tic beam [4], If higher-csrdcrfields wc prcsm, tails wili be
inlrrduccd trussing an Crfmtlvc crrsilumcc growrh (Ihc fields
arc conserva[ivc so dwre Is rm real ursitumcc grow[h).

Allcr usscmbly nnd as par~of the fabrication and quali[y
Uwurancc procc.w, magncL$are muL%urcdwith rolnling wriIS
[5]. T?Ic chmrarc analyl,cd widl WC cttic IIARMAL. This
coclc gives [hc magnc[ic ccnlcr offscl, Ihc hnrmonic

nmpliludcs, and Ihc irucgral of ~hc quudru~)lc grmlicnl.
These rcsuhs tire used 10 dclcrminc lhc quudrup)lc fickl
qusslily und [o UII<JWsullablc firsl-cmkr modeling or Ihc
mngncl in codes such a! TRACE Ifi] or TRANSIY)RT {7],

TM mugnc[lu field ccIIkr and rncdumiul cmkr urc nhcn

misilligncd, Rclulivc nlisuli~nmcn[s 0[ ~tcntcr [hn[
(),25 111111wr clIcn duc 10 fuhricll[i~m errors und C’UI1hc

l’(wrcclcll. Smullur crrl~rs ~IM~tsccfwrcclcd hy nligning Itw
m;I~ncI~I’ l’~’lllcr illsl(’:ld of Ihc nlc ‘hal!icnl Ltcl)lcr 10 Illc

Iw:lm [Ik,s II; ml(ll[loll, IIIC hilrrll(}l)i(,s nlusl In’ l’ull’ulIllc(l

II. Fnzm DESCRIPTION

General Field

Thecqualkms for a s!atic magmic field in a current free
region can bc cxpesscd as a scalar polcntial swisfying
Laplace’s equalion

V*O=O, (1)

Cylindrical c-oodinales arc used, wirh Lhez-axis in the km
dircaion. Using separation of variables, one solution 10
Lsrplace’squalion is

(Fn(k)@k.z)+Gn(k)sin(kz))@s(n~+ rpn) . (2)

Fn(k). On(k), @ ~ are the Coefficients dclermincd to III

tie field in rhe rcghm of intcrcsl. The magnetic field is
ckfuuxt by
&m-v@. (3)

The nti harmonic is the Icrm associated wiih
cos(mp-t~). NOIC that in t.hc full Wecdimcnsional field,

r,hc radial Qcndcncc of I.tre rub harmonic is r2J+n- 1; in
parlicrm~r, the quadrupolc (n=2) harmonic has a radial

dcpcndencc r2j+1, where only [hc j-O Icrrn is linear. A pure
n=2 quodrupolc htm non-i inear Icrms, especially in [hc
fnngc ticlds where there is a slrrrngl.dcpersdcnce.

Field in Two Dimcn~it)nv

In many CLWS lhc full thrccdimcnriionul problcm mny
b: rcduccd 10 a lwo-dimensional problcm in polur
cwrdinalcs. I;or example, i( tic ficid is amsuml along [hc
l.uxis, cxccpt UI sharp hmsndurics, ihc prohlcm can hc
approainmlcd hy II lwo-dimensional miu[ion Also, ISIhigh
cllcrgics, where llIc pur[icic’s lransvcl ~c posilion is
upl]rox imtilcl y consuu Il m il [ruvcrsc~ a rmlgncl, Iiic Iorcc

on Ihc pssniclc cun he [rculcd u~ an impulse proporlionul” [()

Ihc illlcgrul 01 IIIC flcld over Y, ‘I%is inlcyr!ll rcduccs

dclcrlllilui[ion of IIIC flcid 10 u Iwo-dill lcnsiol)u]” prohlk~nl,

Solvitlg l.upl:Icc’s cquuli[m ill IWO dinlcllsit)lls ()(
Illlcgl iilillg (~vw Ilw In)lcflliul ~ivcll try cquIu I(m 2 ~cm!s10 II

M)lull(m

W(IIk wlqM)t I,,,l h, lIsl H)I 0111,(. III lIIrIR\ KI,w.11,11
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This two-dimensional
:xpcscd as

m

pcncmial can be equivalently

O(r.q)= - ~Anrn coa(riqr]+Bnrn sin(n~). (5)
“So

The -id lerrn of the nlh harmonic Jf W field given by
cquadon 3 is nowpr~onal to#-1, wd tie qr@ru@e
n=21erm isrhenlirrc.arinr.

Definition of Field Center

The ctm.er of the field is defined as I.IUUpoint at which
tie field is identically zero. This poinL if it exists, will be
repsenlcd (rG@. There may m be Apoint where W field

is zero; a pure dipole field is not zero aI any point. For a
quadruple magneL a good iqqxoximation can be nulc by
finding lhc point (IC ,qc) such that the quadruple

componcnl is oppsite to awl cancels the dipde mcmwnt. If
the origin of thecaordhmcsystem is al (rc,~c), Own lhe

n= 1 tiqde cocfficien~ are equal to zero. If lhe dipole

coefficiems are equal 10 7Ero, k the field is mro ar Uds
ofigin,

Coordinate Translation

(hW Cm Uanslale the rxmfdinalc Sy8UM such LhsI lhe
origin of W new caordinale system is al lhe ~inl (rc,~)

of the old coordinate syslem, Fig. I represenm W
translation bclwcen the two coordinate systems, The
Iranslamd coordinate svstem Is rcprescnlcd by a prime,
Given any ~anslation 01 h origin by (rc,~), Ihe p!cmtial

in W this coordinate syslcm iti

@(r’, Q”)=- ~A:r~ncos(nQJ)+ B~rtnsin(n@) (6)n
nso

The CdfkiCIW. in LIIC ncw c.onrdinalc sytilcm, A; and R:,

ml the coc~lcicms in [he old coordinate system arc related
try

+tlp sin((p nJqtC)] arrd (7)

t!;, ~ ~r!’ ‘[ A sin((ft II)qI )
II!(1)- 11)! L P“ c

p-n

The old harmonic amplihrdcs t.hal dcuxminc a ncw

harmonic ampliwdc arc qual or greater in order th~ W
new harmonic amplitude being gcncralczl. For example, tic
quadruple amplimdes for n=2 in W new comdinmc system
are da’ivrxl from lhe n=2 and all higher harmonic ampliatdes
m the original coordinate sy~ but are irdcpndent of the
dipole, n= 1 harmonics in the original sysmm. lf, in the
original coordinate syskrru there are only dipole, n= 1, and

Original *w Coordinate - -

Comdinare System (Primed)

System Ifl
(r, q3)-> (r’,qf)

I

Figure 1, Rqn’escmation of a grmeral eoordirmte
Iranslalion. The origin of W new cocwdinalc syslcm
is uanslm.ed from the old caordlnale system by lhc
v~im desuibed by (re qc).

quadrupolc, n=2, harmonics, then there cannoI be any
higher-order Iemm introduced by a Iranslalion of
coordinates, ad the magnitude of k highest non-zero
harmonic canmx b reducai by a translation of coordinates.
Thcsc conclusions all follow from an inspeixion of lhc
relations given by qualions 7 arrd8,

111, MEASUREMENTS

Rowing Coil Method

One mcrhod 10 nwsurc tic hamwnics ns cxpcswd in
quallun 5 Is with Ihc use of a romling coil as rcprcscnlcd
in Fig, 2, By making rhc coil long compared 10 Ihe ficltl,

Ihc rCWll S arc c!+scnliully rhc inlcgrul of IhC field over ?, AS

Ihc coil is rolu!cd it CUIS Ihroi!gh Ihc 13Q corrqxmcnl of lhc



coil. The volt.agc is also Propmianal to tic in[cgra[ed field
U’troughIJIC coil al each ar’lglc

= ~-nAnrn-lsiin(nrp) +nBnrn-’cos(nrp) . (9)

n=cl
‘he CUIC delmdncs W coc~lcicnls An

anaysis of Lhcvohagc V(q).

Bn by a Fourier

Figure 2. Rcpme.mationof a rowing tail showing
its relation 10 he cylindrical cwrdinalcs. The coil
is of radius R and rotues atrou[ one of k wircs.

Measuremcm and analysis of a quadruple magncl
usually have a smaJl n= I dipole amplitude caused by SOMC
misdignmcm. HARMAL dctcrmincs LIW frcld cmlm (r&q@

at which M frcld is zero [8]. This h done by dcmrnining
lhc hasmonic rcprescnlalion of Ihc field in lhc original
cmrdinatc systcm and Uwn using Newton’s method to
dclcrminc where tic field is r.cro. The srarling fxsinl for
application of Ncwmn’s mclhd is W coordinate al which

rhc dipole mornm is carded by shequadrupolc monmml.

UnCc Ihc translation is cbxcrrnincd by HARMAL, the
harmonic amplitudes musl be rcrkfincd in lhc ncw
coordinislc sysmm. HARMAL WJS modified in IWO LO

wwwform IJICcocffkicms using [lIC rclaiions spwificd by
cqusstions7 and H. The rclalinns anLIIhc catc were chcckcd

isgainsl numcricull y gcncrwcd fields am! simple crnalylical
riclds [hai could hc irarrslatcd indcpcndcn[ of the code’s
lriulslilli(m, ThC LYxlc wll,, lhcn required 10 Irrrllslalc Ihc fields
brick and ol>ttiin Ihc simw rcsull irs ~hc origintil I’ichl.
Agrccmcm W:ISfound m Ihc numcriud uccurucy ol Ihc mtc.

derived and incorporated into HARMAL. This
lransforrnalion has been tcsuxl with a few simple cases and
has brxn found 10 be corrccl in these cases.
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