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e Slide 1: Marco and Alex published a paper in which they
established the frame work for map calculation from magnetic
data.

o Slide 2: J.G. and Marco in collaboration to study the SNS
magnets for their fringe field and interferences.

e Slide 3: Procedures of transfer map computation — a different
approach with the Lie algebra.

« Slide 4: Magnetic vector potential is needed, and the way of its
calculation is from the 3D multipole expansion.

e Slide 5: An example of the magnetic vector potential calculated
for the SNS ring quadrupole 21Q40.

e Work continues.
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Slide 1: An early paper by M. Venturini & A. Dragt

NUCLEAR
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RESEARCH
N™Nuclear Instruments and Methods in Physics Research A 427 (1999) 387 -392 Section A

A ccurate computation of transfer maps from
magnetic field data

Marco Venturini®, Alex J. IDragt

Phyvsics Departrmient, University of Marviand, Coflege Pari, AID 20742, US4

Abstract

Comnsider an arbitrary beamline magnet. Suppose one component (for example, the radial component) of the magnetic
field is knowmn on the surface of some imaginary cylinder coaxial to and contained within the magnet aperture. This
information can be obtained either by direct measurement or by computation with the aid of some 31D electromagnetic
code. Alternatively. suppose that the field harmomnics have been measured by using a spinning coil. We describe how this
information can be used to compute the exact transfer map for the beamline element. This transfer map takes into
account all effects of real beamline elements including fringe-field. pseudo-multipele, and real multipole error effects. The
method we describe automatically takes into account the smoothing properties of the Laplace—(Green function.
Consequently, it is robust against both measurement and electromagmnetic code errors. As an illustration we apply the
method to the field amnalwysis of high-gradient interactiom region quadrupoles in the Large Hadromnm Collider
(LHC). © 1999 Elsevier Science B.V. All rights reserved.

Keyvwords: Transfer maps; Magnetic field data; Laplace—Green functions:; High-gradient interaction region

1. Imtroduction determined by solving the eqguation of motion
Ad = F: — F: where H — H-> + Hs + FH, + --- is

The motion of charged particles through any the Hamiltonian expressed in terms of deviation
beam-line element is described by the transfer map variables and expanded in a homogeneous poly-
# for that element. Through aberrations of order nomial series. The deviation variable Hamiltonian
(72 — 1) such a map has the Lie representation [1.27] H is determined in turn by the Hamiltonian K. In
Cartesian coordinates with =z taken as the indepen-

A = 22 exp (i fznexp (tfa)---exp (i fnD) (1) dent variable. and in the absence of electric fields.

K is given by the relation
where £2-. describes the linear part of the map.

The linear map 22, and the Lie generators f- are K — — [pZ&/c® —m7c® — (px — gAx)"
— Py — gAY — g
* Corresponding author. Tel.: —+ 1-301-405-6188; fax: <+ 1- . . -
301-314-9525. Here 4 is the magnetic vector potential. We con-
E-mail address: venturin@physics.umd.edu (M. Venturini) clude that what we need is a Tawylor expansion for

0168-92002/99/F — see front matter & 1999 Elsevier Science B. V. All rights reserved.
PII: S0168-9002(98)01518-6
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Slide 2. A paper for PAC2005 ﬂz NS
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3D-Simulation Studies of SNS Ring Doublet Magnets*
J. G. Wang#, SNS/ORNL, Oak Ridge, TN 37831-6471, U.S.A.
N. Tsoupas, BNL, Upton, NY 11973, U.S.A.
M. Venturini, LBNL, Berkeley, CA 94720, U.S.A.

Abstract

The accumulator ring of the Spallation
Neutron Source (SNS) at ORNL employs in its straight
sections closely packed quadrupole doublet magnets with
large aperture of R=15.1 cm and relatively short iron-to-
iron distance of 51.4 cm. These quads have much
extended fringe field, and magnetic interferences among
them in the doublet assemblies is not avoidable. Though
each magnet in the assemblies has been individually
mapped to high accuracy of lower 10-4 level, the
experimental data including the magnet interference effect
in the assemblies will not be available. We have
performed 3D computing simulations on a quadrupole
doublet model in order to assess the degree of the
interference and to obtain relevant data for the SNS ring
commissioning and operation.
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Figure 1: SNS ring doublet assembly [4].
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Slide 3: Transfer Map Computation gSNS
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 Hamiltonian for charged particles with z as independent variable in
magnetic field:

Hi X, e, Py.L Py, Z):_\/(ptj ~(mo” —(px —aA)* _(py _qAV)Z -

C

e Canonical equations in terms of Poisson brackets:

. 3
f:—[HZ,f]z_Z[%HZ o _oH, da jz—:HZ:f
i1\ Odj Op;j  Op;j 00U

. f(q:,p;,z) can be found by a “simple” integration:

(for autonomous Hamiltonian)
f(Zl,zl)z Exp [(zl—zo):—HZ :]f(ZO,zo)E M ZO_’Zlf(ZO,zO)

where Z = (qy, P1,95,P5,93, P3)
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Slide 4: Magnetic Vector Potential (1) gSNS

° Free ChOICeS Of the gauge Condltlons PLE.&I HH[lIIRH URCE
e Chose A)(r,0,2)=0

e Then A (r,0,2)= § [B§";)Cos(m9) Bz(f'g)Sin(mH):

A(ro,7)=73 [ B!V Cos(m@)+ Br(”g)Sm(mQ)

—1

Where B is obtained from 3D multipole expansion

» In Cartesian coordinates for a quad

A, | ZCH OB +y2) (62 -y e S CBI (6P ~15xy2 1153y - yP

Q

A, :écglls —214C£?g<x2 +y2)_(x2 y )y+ C[l]( _15x4y? +15X2y4_y6)y

Q

A ~ —[Cz,s —écgzg (x2 + y2)+1;8C£‘,‘S] (x2 + yz)z}(x2 - yz)— Cﬁ,s(x6 —15x*y? +15x°y* - y6)
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Slide 5: Magnetic Vector Potential (2) NS
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21Q40:
A regular guad in SNS ring arc section;
Magnetic vector potential A, & A, @

y=z=0 vs. X (only linear term is plotted).
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