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.. Abstract of this magnet type is its integrated field. The measurement
system used to evaluate the absolute field length of the

The Advanced Light Source (ALS), now under construction engineering model [4], however, did not provide enough
at Lawrence Berkeley Laboratory, is a third-generation synchro- accuracy to compare the individual production magnets in this

• tron radiation source designed to produce extremely bright pho- respect. Instead, the mechanical data of magnet core length and
ton beams in the UV and soft X-ray regions [1]. The lattice gap width [5] were chosen to determine the relative bending
magnets to be installed in the two rings, a 1 - 1.9 GeV storage power of every production magnet from the length-over-gap
ring, and a 1.5 GeV booster synchrotron, have been magneti- ratio. This procedure is justified by the elaborate lamination
cally measured to ascertain their excitation curves and field uni- sorting process established to assure good magnet-to-magnet
formity. In this paper the analysis of these data is discussed, field reproducibility. The statistics for the 25 manufactured
and results for measured magnets are given, magnets (including one spare) are listed in Table 1.

I. INTRODUCTION Table 1

The magnets discussed in this paper are parts of the ALS Booster Dipoles Mechanical Qualities, Relative Deviations
(Advanced Light Source) [1] storage ring and booster syn- Length Gap Lenglh/Gap
chrotron lattices. The brightness and lifetime requirements for 0.00021 0.00033 0.00042
the photon beams to be produced by the storage ring imply t_relWorst -0.00042 0.00(168 -0.00080
very tight tolerances for the fields of these magnets [2], [1].
The main concern here lies on the magnet-to-magnet repro-
ducibility of the fundamental excitation; the higher-order The data in Table 1 show that the derived variations in the
multipole errors are largely determined by the given pole integrated fields of the booster bend magnets should be well
shapes optimized in earlier investigations of engineering within the specified tolerance of +1×10 .3 rms. Therefore, Lhe
models of each basic magnet type [3]. magnets could be placed in the booster lattice without

Ali production series magnets were measured under d.c. observing any particular l:ositioning order.
conditions even though the booster magnets will be ramped To characterize the field uniformity of ali bend magnets a
with 1 Hz repetition rate. The dynamical behavior of the statistical overview of their sextupole coefficients, k3, is given
booster bend magnet engineering model, however, had in Table 2. The del'tuition for k3 is:
previously been studied at ramping frequencies of 1, 2, and 10
Hz [4]. The multipole magnets for both rings were measured ka = 1...!_ d2B3 (1)
using rotating, integrating coils. For the storage ring gradient B1la dx_-
magnets an elaborate Hall probe scan had tobeperformed to with Bl, dipole field,. 1.248 T; la, beam curvature radius,
ascertain sufficient accuracy for the measurements of their 4.0107 m; and B 3, Sextapole field, as measured by a bucked
quadrupole components. In addition, a rotating coil was used pair of integrating coils.
for this magnet type to evaluate the higher-order multipole
fields. The booster bend magnets were magnetically measured Table 2
using mobile integral coils to obtain relative uniformity data Booster D,ipolesSextupole Coefficients
and determine the relative change in effective length as a
function of the excitation value; the absolute effective lengths Average ka [1/m3] 0..27
were deduced from Hall probe scans of the engineering model a(k3) [1/m 3] 0.041
and mechanical length and gap width data of each magnet [5]. Worst Der. lil/maI 0.156

The evaluation procedures and results will be discussed for
each magnet type. Note that ali booster magnets have closed Ali actual sextupole magnets together provide an integral
yokes whereas ali storage ring magnets have C-type yokes to field that is 55 times stronger than the sum of the random
provide apertures for the synchrotron radiation. Ali nominal components of the integrated sextupole fields created by ali
magnet parameters given below refer to the nominal beam dipoles (see Table 4); this ratio is acceptable for the booster
energy of 1.5 GeV. synchrotron.

II. BOOSTER DIPOLES III. BOOSTER QUADR_LES

The booster bend magnet is a curved, flat-field dipole; its There are two types of booster quadrupoles: focusing (QF)
main nominal parameers are: bend angle, 15°; magnetic length, and defocusing (QD) with 0.282 and 0.182 m effective lengths,1.050 m; pole tip field, 1.248 T at 744 A excitation current;
rms field integral tolerance, 1xl0 "3. The most critical quality respectively, and identical pole contours. The nominal gradi-



ents are 15.91 and 16.37 T/m, with maximum fields at the V. STORAGE RING GRADIENT MAGNETS
pole tips reaching 0.517 and 0.532 T. The tolerance for mag-
net-to-magnet gradient variations was set to 2x10 -3 rms. The storage ring bend magnet is a straight, parallel-ended

The magnets were measured using a rotating, integrating combined-function magnet with the following main para-
coil in a bucked mode to evaluate higher-order multipoles, meters: bend angle, 10°; magnetic length, 0.865 m; pole tip
Integrated gradients were evaluated by comparing each of the field, 1.047 T and field gradient, -4.036 T/m, both at 700 A;
magnets to one standard magnet for each type, using the rms field integral tolerance, lxl0 -3. As main characteristic
rotating coil in an unbucked mode. The absolute reference was data, the integrated dipole field, the integrated gradient, the core
established by combining the electrical parameters of the field, and the core gradient were evaluated at 480, 700, and 910

., measurement system and of the coil geometry with averaged A excitation current. The central part of the magnet, extending
data gathered for each of the two standard magnets. The to +950 mm from the mid plane, is here def'med as the magnet
resulting uncertainty of about 1% in the absolute gradients core. The Hall probe scan was taken over an area of 1800x60
does not cause any problem for booster operation as long as mm 2, with 10 mm distance between measurement points in

" the magnet-to-magnet reproducibility is within tolerance, both directions. The raw data were adjusted for the actual exci-
Table 3 gives the statistics for the fundamental and first tation currents and the offset of every measurement point

allowed higher multipole strengths. The fundamental is listed against its ideal transverse location. The Hall probe holder
in the form of the transfer function of the integrated gradient, was aligned to the magnet with 25 I.tm precision using a laser
k2Lfl, with I, excitation current; L, effective length; and system. Field integration was performed numerically, with

trapezoidal approximation. Statistics at the nominal 1.5 GeV
condition (700 A excitation current) for the eight magnets so

k2 -- _!_ dB2 (2) far evaluated are given in Table 5.
B1 O clx The higher-order multipoles were obtained from three mag-

The nominal currents are 418 A for the focusing and 430 A nets, each measured twice using an integrating, rotating coil;
for the defocusing quadrupole. The dodecapole strength is the listed values represent the ratios of the integrated fields at
expressed as the ratio of the integrated dodecapole field over the 20 mm transverse position over the integrated dipole field
integrated quadrupole field, both at 30 mm radius. The entries components. Statistics for the three strongest higher multi-
for standard deviations and worst cases are given as relative poles are given in Table 6. Due to the gradient design, the
quantities, _rel, in units of the average values. The measured magnets have effective edge angles of 2° (larger at the side with
average values and individual data allowed us to qualify ali the wider gap) that somewhat reduce the defocusing action of
measured quadrupoles for insy.allation in the booster ring. the gradient and also a notable curvature (see Fig. 1).

Table 3 Table 5

Booster Quadrupoles Storage Ring Bend Magnets Fundamental Parameters
B L dB/dx L B clB/dx

Averse C_rel worst [Tta] IT] IT] lT/mlQF Fund. k2L/I [(Am) _] 0.002261 0.0011 -0.0018 Av_ 0.9057 -3.419 1.0469 -4.038

QF Dodecapole B6/B2 0.000286 0.019 0.039 _qrel [10.3] 0.42 0.66 0.25 0.67
QD Fund. k2L/I [(Am) _] 0.001465 0.0014 0.0020

QD Dodeca_le BdB2 0.000431 0.025 ...._::0.04_8 Relat. Worst [10 3] 0.88 1.02 0.39 1.02

Table 6

IV. BOOSTER SEX_LES Storage Ring Bend Magnets Higher Multipoles,.

Focusing and defocusing booster sextupoles are identical in Average ¢_rel Rel. Worst
design with the following main nominal parameters: effective Sextupole B3/B_ 0.00022 0.07 0.10
length, 0.121 m; sextupole coefficient, up to 55.5 T/m2; pole Octupole B4/B1 0.00003 1.0 1.3
tip field, up to 0.068 T at 4.8 A. Table 4 gives an overview Dec.a_ie Bs/B1 0.00006 0.2 0.4
of the fundamental and first allowed higher multipole
strengths; the explanations given in the previous section on VI. STORAGE RING QUADRUPOLES

e quadrupoles apply with due modifications. The strength para-
meter k3 is defined in Eq. 1. Again, the data proved good There are three families of quadrupoles with identical cross-
enough for ali sextupoles to be installed in the booster ring. sectional design but different effective lengths: QFA

(focusing), 0.445 m; QF (focusing), 0.350 m; and QD (defo-
• cusing), 0.200 m. The nominal gradients are 15 T/m at 400 A

Table 4 excitation current with 0.621 T pole tip field for QFA and

Booster Sextupoles 13.4 T/m at 89 A with 0.434 T pole tip field for QF and QD.
The magnet-to-magnet tolerance for the integrated fields is

Average arel Worst 1×10 -3 in ali three cases. For the time being, only QFA-type

k3I.fl. [Nim 2] 0.575 0.0010 -0.0018 quadrupoles have been measured in a sufficient number to
Octocaidecapole 0.00447 0.019 0.064 allow a quality assessment in terms of this tolerance.
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can produce horizontal and vertical steering fields and a skew
8 .... I .... I .... I .... w.... J .... quadrupole field by exciting different poles with separate wind-

6 1 ings, but these "trim" functions were not quantitatively ana-
9"-.------0..._._.0___ , 2.07dog lyzed for the production series. The excitation curves are given

4 - RightEdg e _E ___ in the form of reduced transfer functions after subtracting the
2 remnant fields (see Fig. 2). Statistics are listed in Table 7; the

fundamental strength parameter k3 is defined in Eq. (1). The

"_o 0 - _ (_ --] slight excessover thesetstandarddeviationtoleranceof lxl0 "3
0- | _ ...] for the fundamental was judged acceptable,and the sixteen
N 2 - _ _ _t magnets so far measuredwere qualified for installation.

" >_ 4 : Left Edge _ . ....• ...._'
i..... • .... -0" .... """ - -! Table 7.

- 6 - -1.99 deg _ StorageRing Sextupoles
1, 8 " .... If'l_lJllll .... I .... I,,,11

30 20 1 0 0 -10 -20 -30 Aver'aBe Ore]. Worst
X Position [ mm ] Fund.k3L/I [A'lm "2] 0.10869 0.0012 0.0022

Figure 1. Effective edges of storage ring bend magnet #16. The Remnant k3I-,[m "2] 0.0242 0.20 -0.44
positive X direction points radially outwards; the beam travels in
positive Z direction. The data are fitted by parabolas.
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Figure 2. Reduced transfer function of storage ring sextupole #34.

The straight line marks the average value of the first five points,

and a parabola (dashed curve) is fired to the saturation part.
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