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Field measurement of SCRIT electron spectrometer 
 

T. Tamae, *1,*2 T. Miyamoto, *1,*2 and T. Suda*1,*2  
 
 A large-acceptance magnetic spectrometer for electron 

scattering on unstable nuclei was constructed, and its 
magnetic field was measured. The analysis of the field 
distribution and the development of a program of track 
reconstruction are in progress. 

The design1) and construction2), 3) of the spectrometer 
have been reported elsewhere. The spectrometer is designed 
to have a reasonably good resolution of p / p : 103 , a 
large solid angle of about 100 msr, and a large scattering 
coverage of 30-60°. 
  The spectrometer consists of a single window-frame 
dipole magnet with an aperture of 29 cm in height (y), 1.4 m 
in length (z) and 1.71 m in width (x). As the spectrometer 
has no focal plane, the momentum and vertex position of 
scattered electrons are fixed through the track 
reconstruction using the information of drift chambers, as 
shown in Fig. 1. This implies that the knowledge of the 
precise distribution of the magnetic field is essential for 
analysis. 

 
Fig. 1. Layout of the spectrometer, detectors, and SCRIT  
 (Self-Confining Radioactive Isotope ion Target). 
 
  The magnetic field distribution was measured using a 
Hall probe at 37,118 points in 1/8 of the entire volume of 
the aperture and connecting regions. The absolute 
magnetic-field values were calibrated using an NMR set at 
a fixed position in the mid-plane. The field map was 
obtained at three strengths ((a) 4,096, (b) 7,628, and (c) 
8,017 G at the NMR).  The measured values were 
corrected for the drift of a Hall probe and for inaccuracy of  
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Fig. 2.  Contour plot of field strength for a center field  
 of 8,017 gauss. Numbers attached to lines show the  
  ratio of the field strength to the central field strength.  
  The order of lines in the figure is same as the order of  
  lines in the legend. Light-grey region: aperture region  
  of the magnet; dark-grey region: coil; black region:  
  return yoke.  

 
 
the probe orientation. They were normalized to the NMR 
values. 
  The field strength for case (c) is contoured in Fig. 2; 
numbers attached to lines show the ratio of the field 
strength to the central field strength. The figure shows that 
the field is almost uniform all the way to the coils, which is 
a unique merit of the window-frame magnet. The measured 
field along the electron beam at z = -155 cm is about -3 
gauss; the leakage field of 3 G gives a closed orbit 
distortion (COD) of 0.1 mm at the SCRIT (max. 1.5 mm in 
the ring). These values are within acceptable levels for the 
ring operation. 
 
  The field strengths were also compared to calculations 
using the program OPERA-3D. The difference between the 
measured and calculated field strengths is much less than 
10-3 in the aperture region, but it becomes larger at the 
fringe field region, especially at positions close to magnetic 
poles and field clamps. The estimation of errors for the 
electron momentum and vertex positions due to inaccuracy 
of the field distribution is in progress. 
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Design of Recoil-Arm for the SCRIT Experiment 
 

Y. Shimakura,*1,*2 A. Enokizono,*1,*2 T. Ohnishi,*2 K. Kurita,*1 M. Togasaki,*1,*2 and M. Wakasugi*2 
 

The self-confining RI Ion target (SCRIT) electron 
scattering facility1) is now under construction. Electrons 
scattered from target ions trapped in the SCRIT device are 
detected, and their angular distribution is obtained. A recoil 
ion detector referred to as the “recoil-arm” is being 
designed. It will be used for the determination of the 
luminosity distribution in the ion trapping region along the 
beam axis. We also plan to use the recoil-arm for estimating 
the contribution of residual gas ions, which are trapped 
simultaneously with target ions in scattering events2). 
 

Figure 1 shows a schematic of the recoil-arm. It consists 
of returning meshes, multi-stage slits, two quadrupole 
benders3), and a channeltron array consisting of 15 
channeltrons. Ions that are recoiled from the trapping region 
in the SCRIT are accelerated by the electrostatic potential 
applied to the SCRIT electrodes. Returning meshes are used 
to reduce the background ions that leak in the trapping 
region in the SCRIT. Multi-stage slits confine the angular 
acceptance of recoil ions. Fig.2 shows the first quadrupole 
bender designed by us. Two quadrupole benders are used to 
deflect the transported recoiled ions and reduce the 
background produced by the synchrotron radiation. The 
channeltrons are arranged in a line so as to minimize dead 
space. The aperture of every channeltron is rectangular 
(15mm×30 mm). 
 

Perpendicularly recoiled ions as a result of forward 
electron scattering are extracted and transported in parallel 
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to the channeltron array. The counting rates of the 15 
channneltrons indicate the trapped ion distribution, i.e., 
luminosity, along the beam axis. We can identify the mass 
number of the recoil ions in scattering events by measuring 
the time delay from the instant when forward scattered 
electrons are detected by the plastic scintillator; accordingly, 
we can estimate the attributable fraction of residual gas ions 
in scattering events. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

The off-line test bench of the recoil-arm is now under 
construction. We will be studying the performance of the 
recoil-arm before its installation in the SCRIT device. 
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Fig.2. Quadrupole bender 

Fig.1. Schematic diagram of the recoil-arm 




