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Magnet for the Photon Tagging System**

Abstract

A C-type magnet was constructed for the photon tagging system at the

1.3 GeV electron synchrotron of the Institute for Nuclear Study, University

of Tokyo. The magnet has a rectangular pole face of 21 cm x 77 cm and a

vertical aperture of 5 cm. A vacuum chamber was installed in the gap of

the magnet to remove the air from the flight path of electrons. With

this magnet we analyzed the recoil electrons with the momenta ranging from

100 MeV/c to 350 MeV/c. This paper describes the construction detail and

the general performance of the magnet in order to serve the users on planning

of the tagged photon experiments.

** This work has been financially supported by the Grant-in-Aid for

Scientific Researches of the Ministry of Education.
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§1. Introduction

In the experimental study of the high energy photon-nucleon Interaction,

a bremsstrahlung beam has usually been used, which is produced by the high

energy electron striked on a nuclear target. The bremsstrahlung beam has a

continuous energy spectrum, so that in analyzing the results of photon-

Induced reactions we often encounter a kinematical difficulty. Especially

in the reaction where more than two particles are produced in the final

state, we cannot identify the reaction unless we measure all kinematical

variables of the final state particles. Therefore it is very desirable

to know the incident photon energy.

At the bremsstrahlung process in a nuclear radiator, an energy of the

emitted photon is given in good approximation by Ey • E e - Eet, where E e

and Eet denote the energies of incident and recoil electrons, respectively.

The principle of the photon tagging is, therefore, to determine the energy

of each photon contributing to the interaction of interest, by analyzing

the energy of the recoil electron. This photon tagging method has been

extensively developed at the electron synchrotron laboratories around the

world, especially at Daresbury Nuclear Physics Laboratory.1«2»3'

The photon tagging system installed at the 1.3 GeV electron synchrotron

was designed to analyze the recoil electrons with the energies of 100 MeV

to 350 MeV in the energy resolution of ± 5 MeV. As the maximum energy of

the extracted electron is 1.2 GeV in our synchrotron, the tagging system

can cover the photon energy range from 100 MeV to 1100 MeV by varying the

energy of the incident electrons four times.

- 2 -



In the design of the magnet, following requirements are taken into

account: (1) a deflection angle of 1200 MeV electrons (maximum incident

energy) is about 15°, (2) the recoil electrons with the momenta of 100 MeV/c

to 350 MeV/c are focussed horizontally, (3) a momentum dispersion at the

focal plane of the recoil electrons is about 1 MeV/c per 1 mm, (4) a vacuum

chamber is used to remove the air from the flight path of electrons. The

shape of the magnetic field was chosen to be rectangular for ease of the

construction.

This memorandom describes the construction of the magnet, the measure-

ment of the magnetic field and the calculation of the electron trajectory.

§2. Construction of the Magnet

Figure 1 shows the top view of the magnet and the vacuum chamber.

Figure 2 shows the vertical cross section. We adopted the C-type magnet

in order to analyze the recoil electrons with the broad momentum range

(100 MeV/c - 350 MeV/c). The pole face has a rectangular shape of 21 cm

x 77 cm. The vertical aperture of the magnet is 50.39 ± 0.02 mm.

These dimensions of the magnet were determined from the following

conditions: (1) a radius of curvature for the 350 MeV/c electron is 100 cm

when the applied magnetic field is 11.7 kG, (2) the 1200 MeV/c electron is

deflected by an angle of about 15° at the above field value, (3) the vertical

aperture is wide enough to pass the divergent electrons from the thin

radiator which is placed in front of the magnet. When the radiator with

the thickness of 1/100 radiation lengths is used, the angular divergence of
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recoil electrons is estimated to be 20 mrad for 100 MeV/c and 7 mrad for

350 MeV/c.

Electron trajectories for 100 MeV/c to 1200 MeV/c are shown in Fig.l

for the field strength of 11.7 kG. The Incident electron beam enters into

the magnet with an angle of 15° to the normal of the pole edge. Electrons

whose momenta are greater than 400 MeV/c go out from the opposite side of

the entrance pole edge and electrons with the momenta of 100 to 350 MeV/c

from the side pole edge as is shown in Fig.l. When the radiator is placed

20 cm apart from the effective edge of the magnetic field, the focal

point for recoil electrons lies at the distance of 45 cm to 140 cm apart

from the edge of the magnet. A tagging hodoscope consisting of 25 plastic

scintillation counters was placed along the focal line in order to detect

these electrons.

A vacuum chamber was installed between the pole pieces of the magnet

as is shown in Fig.l in order to remove the air from the flight path of

electrons. The chamber, as is shown in Fig.3, was made of stainless steel

not to disturb the magnetic field. The surface area of the chamber was

about 2 >. 10^ cm2. In order to withstand the pressure of 20 tons, fins of

0.6 cm high and 1.3 cm thick were welded on the chamber surface. As it is

desirable to make the vertical aperture as wide as possible, the pole

faces of the magnet wer-? used as the walls of the vacuum chamber. The

vertical aperture of the chamber was 7.8 cm at the pole edge of the magnet

and was widened to be 12.0 cm at the electron exit of the chamber. Along

the beam line of the incident electron and outgoing photon, ducts of 5 cm

in diameter were attached. Windows at the electron exit of the vacuum

chamber were made of Mylar films with the thickness of 250 u.
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The material of the yoke of the magnet Is supplied by Nippon Steel

Corporation. The total weight of the iron is 4.3 tons. The coil of the

magnet was designed to produce the magnetic field of 12 kG at the exciting

current of 500 A. The turn number of the coil was 128, which was assembled

in 16 layers. A pair of layers composed a pancake as is shown in Fig.4.

A copper conductor has a cross section of 10 mm x 14 mm with a hollow of

6 mm x 10 mm. The effective area of the copper was 79.56 mm2. Material

of the conductor is OFHC produced by the Furukawa Electric Co. and has a

electric resistance of 0.217 fi/km at 20° C. The t:_al resistance of the

coil was 0.076 Q,. Cooling water with a pressure of 10 kg/cm2 flows through

the hollow at a rate of 20 - 40 A/min.

The total weight of the photon tagging magnet, including the ceil and

the vacuum chamber, was 5 tons.

§3. Field Measurement and Calculation of the Trajectory

Using an NMR probe, the measurement of the magnetic field at the center

of the gap of the magnet was carried out as a function of the exciting

current. The result is shown in Fig.5, where the magnetic field starts

to saturate at about 9 kG and the saturation increases to 10 % at 12 kG.

The difference between the field strength in case of increasing the exciting

current and that in case of decreasing was measured to be 250 G around

the field of 10 kG (2.5 % ) .

The distribution of the magnetic field in the median plane of the gap

was measured at the central field of 11.7 kG, with a rotating coil fluxmeter,
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which was priorly calibrated against the NMR system. Values were obtained

with 10 mr> intervals In the x-direction and 20 mm in the y-direction (x- and

y-di-?ction are shown in Fig.6). Typical field variation along the x-

direction is shown in Fig.6, which is completely similar to that along the

y-direc.Mon. Also, the field distribution was measured at the central

field of 5 kG, where the saturation effect is negligibly small. No

differences were observed between the above two cases. The effective edge

of the magnetic field was calculated to be 27.74 mm apart from the pole

edge of the magnet. The field distribution at the corner is represented in

a contour map in Fig.7.

From the above field map, the electron trajectory was calculated in

or^er to determine t7i<- positions of the tagging counters. In this cal-

culation, the incident beam direction was chosen to be 13.9° to the normal

of the pole edge (which differs a little from the design parameter). The

radiator position was assumed to be 20 cm apart ^rom the effective edge

of the field. By dividing the fringe field into 30 divisions and resolving

the equation of motion for electrons assuming the uniform field in each

division, the trajectory of each electron was traced. The general features

are shown in Fig.8 where the 25 tagging counters and 6 backing counters are

also shown. Each tagging counter was placed on the focal point at right

angle to the electron trajectory. The counter widths for the momentum

acceptance of 10 MeV/c were 31.8 mm and 18.7 mm for 105 MeV/c and 345 MeV/c

electrons, respectively.
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§4. Floating Wire Measurement

To check the electron trajectory calculated from the field measurement,

the floating wire method was applied. In general, when the one side of the

wire is fixed at the source point (in our case, the source point corresponds

to the radiator position), the other side, which is supported by the

frictionless pully, should be placed before the focal point in order to

keep the wire in an equilibrium state. For this magnet, the source point

was only 20 cm apart from the effective edge of the field and focal points

lie in 45 cm to 140 cm apart from the effective edge for 100 MeV/c to

350 MeV/c trajectories. Therefore it was very difficult to determine

accurately the incident and outgoing electron trajectories from the

measurement of two coordinates along the wire. For 400 MeV/c to 1200 MeV/c

trajectories, the accuracy of the measurement was a little increased

because the focal points were apart enough from the effective edge of the

field.

We measured about 100 trajectories by changing the wire current and

the Incident angle. In Fig.9, deflection angles for 100 MeV/c to 1200 MeV/c

electrons are shown. The accuracy of the floating wire measurement was

estimated to be ± 1.0° to ± 0.5° for 100 MeV/c to 1200 MeV/c. The farther

improvement in accuracy seems to be very difficult becaub-. of the restriction

in the setting of the apparatus. The results are consistent with the

calculation based on the field measurement within the experimental error.

So we placed the tagging and backing hodoscopes based on the calculations

from the field measurement. The accuracy for the setting of hodoscope
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counters was estimated to be ± 1 =2, which corresponded to the error less

than + 1 MeV in the momentum measurement. In addition an error of about

± 1 % due to the ambiguity in the trajectory tracing should be taken into

account in determining the absolute value of the analyzed momentum.

Farther calibrations of the photon tagging system are now in progress

with the extracted electron beam. These results will be reported elsewhere.
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Figure Captions

Fig.l Top view of the photon tagging magnet.

Fig.2 Cross section of the photon tagging magnet.

Fig.3 Vacuum chamber for the photon tagging magnet.

Fig.4 Structure of the coil.

Fig.5 Excitation curve for the photon tagging magnet.

Fig.6 Field variation along the x-direction.

Fig.7 Contour map of the magnetic field around the corner at Ho « 11.7

kG. Altitudes are shown by H/Ho.

Fig.8 General features of the electron trajectory. Tl - T25 denote the

tagging counters and Bl - B6 denote the backing counters.

Fig.9 Deflection angle for 100 MeV/c - 1200 MeV/c electrons. Wire

measurement data are shown by the © and calculated values from

the field measurement are shown by the solid line.
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VACUUM CHAMBER FOR THE
PHOTON TAGGING MAGNET

Fig. 3
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PHOTON TAGGING MAGNET

weighit of iron 43 tons
weighit of copper 0.42 tons
gap width 50 mm

no. of turns 128 turns
maximum current 500 A
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