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FIELD MEASUREMENTS OF NEW MAGNETS
FOR THE PF-AR UPGRADE PROJECT
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Photon Factory, High Energy Accelerator Research Organization (KEK),
Oho 1-1, Tsukuba, Ibaraki 305-0801, Japan

Abstract 2 MAGNET DESIGN

For the PF-AR upgrade project, four quadrupole and fivg, the upgrading project, the lattice configuration of the PF-
sextupole magnets are fabricated to avoid the interfereng® shown in Fig. 1 does not change. The vacuum and
with the synchrotron radiation beam lines. In addition, Velmonitor system are maimy improved_ The material of the
tical steering magnets are designed to ensure space for figet is changed from aluminum alloy to OFHC (Oxygen
vacuum system, and a number of magnets increase frgrfee High Conductivity) copper in order to ensure a high
44 to 79 to obtain further orbit stabilization. The field meaheat load and to reduce the radiation damage of the accel-
surements of the new magnets are carried out using the i§ator components. In addition, the ducts are designed to

tating coils. The results are presented in this paper. be equipped at the required pumping speeds. Then, BPM
electrodes are newly designed and mounted using vacuum
1 INTRODUCTION flanges on the copper ducts. In the magnet system, all ex-

) isting bending magnets, most of quadrupole and sextupole
The PF-AR (Photon Factory Advanced Ring for pulse Xiagnets, and their power supplies are to be reused. These

rays) was originally constructed as a booster synchrotrofe ejaborately maintained by exchanging with new parts as
for the TRISTAN €'e” collider. Parasitic usage of syn- yossihle. Only four quadrupole and five sextupole magnets
chrotron radiation started in 1986, and the ring was nOye newly fabricated to avoid interference with new syn-
mally operated at beam energies of 5.0 - 6.5 GeV. Alonghotron radiation beam lines. Then, the magnets are re-
with a construction of KEK B-factory, the PF-AR was con-jaced with the existing magnets. Photographs of the mag-
verted to a dedicated light source in 1998. nets are shown in Figs. 2-4 and the parameters are listed in
The upgrading project started in March 2001. The goafgpe 1.
of the project is to achieve longer beam lifetime, higher pq quadrupole magnets are designed to create the space

beam (_:urrent, further orbit stabilization and to create MO the vacuum duct of the beam line inside the magnet, and
beam lines. to realize the field gradient of 20 T/m (at maximum) and the
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Figure 1: The lattice configuration of the PF-AR. The NE1

and NE3 indicate the existing insertion devices, and NW2
and NW12 indicate new ones. Figure 2: Photographs of the new quadrupole magnet.
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Table 1: Parameters of the new magnets
Quadrupole Sextupole /Aux. coil Vertical steering

Gap or Bore diameter [mm] 80 92 200
Core length [mm] 500 276 192/170
Max strength [T, T/m, T/rf] 20 250 0.05
Turns /pole 11 32/183 864/928
Max current [A] 1340 100/10 10
Resistance [i1] 7.8 110/1800 1180/1100
Water flow [I/min] 9.4 0.7/notuse not use
Total weight [kq] 2630 430 115

Figure 3: Photographs of the new sextupole magnet ifrigure 4: Photographs of the vertical steering magnet in-
stalled in the ring. stalled in the straight section.

same core length as the existing one. monic content of the magnet s directly given as the Fourier
The sextupole magnets are designed to create the spacenponents of the induced voltage.
for the vacuum duct of the beam line inside the magnet |n the measurement, two different set of the rotating coil
and to realize the field gradient of 250 T/igat maximum). probe are used: one is a radial coil set, and the other is a
Moreover, the auxiliary coils used as the vertical steeringangential coil [2]. The radial coil set is located in the plane
are attached. of one axis, while the tangential is installed on the cylin-
In the design of the vertical steering magnets, it was conter surface. The purpose of the radial coil is to measure
sidered to ensure the space for the pumping port and avaidorecise main field gradient and a deviation of the mag-
the vacuum components and beam position monitor, etgetic center from the geometric center. Figs. 5-7 show the
Then, the magnets have C type yoke and maximum fiekkcitation curves for the quadrupole, sextupole and verti-
strength of 0.05 T. They have two different types of coreal steering magnet, respectively. The maximum integrated
length; 192 mm for the straight sections and 170 mm fdfield gradients for the quadrupole and the sextupole magnet

the arc sections. were 10 T and 73 T/m, respectively. The maximum inte-
grated field strength for the vertical steering magnet was
3 FILED MEASUREMENT 0.016 Tm.

On the other hand, the tangential coil is used to follow-
The field measurements of these magnets were performied end-shim correction. Since the main field components
using a harmonic coil method [1]. In this method, the inteduce with proper angles and turn numbers of the coils for
duced voltage is represented as a function of an anguléie tangential coil, the higher multipole components are
position since a coil is rotated in a magnet. Then the haclearly observed. Since large higher multipole fields are
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Figure 5: The excitation curve of the integrated field gradifigure 7: The excitation curve of the integrated field
ent for the quadrupole magnet. strength for the vertical steering magnet.
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) o ) ] Figure 8: A field gradient ratio of the dominant higher mul-
ent for the sextupole magnet. main field for the quadrupole magnet.
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tio of the dominant higher multipole field component to the
main field for the quadrupole magnet. Data were measured
at an excitation current of every 200 A step and a thickness
of every 2 mm step using a tangential coil. Since the higher
multipole effect depends on the thickness of the end-shim,
we could determine the best thickness to reduce them: 10
mm for the quadrupole magnet. As a result the higher mul-
tipole effect was reduced less tharx 103 at a position
of 36 mm from the magnetic center.
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