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Observation of the Undulator Radiation from the Positron Beam 

Hideki MAEZAWA 

Photon Factory, National Laboratory for High Energy Physics, 

Oho-machi, Tsukuba-gun, Ibaraki-ken, 305 Japan 

Abstract 

A spectral measurement of the 1st harmonic of the undulator radiation 

emitted from positron beam was made on Dec. 21, 1985 during a test operation 

of the Photon Factory storage ring with the 2.5 GeV positron beam which was 

stored up to 5.5 mA. In comparison to the same measurement performed with 

the electron beam, no appreciable difference in the spectral properties of 

the undulator radiation was found between the two cases under the condition 

of the low beam current of a few mA. 
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A test operation of the Photon Factory storage ring with 2.5 GeV 

positron beam was performed on Dec. 20 - 21, 1985. The positron beam was 

stored up to 5.5 mA. During the test operation, we have made a spectral 

measurement of the undulator radiation emitted from the positron beam aiming 

to observe any kind of difference in spectral properties from those of the 

radiation emitted from the electron beam, because the brightness and 

spectral profile of the undulator radiation are sensitive to the emlttance 

of the stored beam. Since Ions cannot be collected by the positron beam, 

the current dependence of the effective beam emittance is supposed to be 

different between the positron beam and the electron beam. Furthermore, 

relationship between the ion collection and the strong y-ray background 

accompanied by an insertion device using a long straight section of a ring 

might become clearer. In this brief report, we describe the results of our 

observation of the undulator radiation emitted by the positron beam and 

discuss it in comparison with the results obtained with the electron beam, 

though in low current mode of operation. 

The Photon Factory undulator, model PMU-2, has the period length of 6 

cm and the field parameter K can be varied up to 1.66. The photon energy at 

the peak of the 1st harmonic can be tuned down to about 400 eV. The 

measurements were made to obtain absolute spectral brightness of the 1st 

harmonic of the undulator radiation emitted from the positron beam as well 

as that from the electron beam by means of photoelectron energy analysis. 

Both measurements were performed at the low stored beam current of a few mA 

for comparison, i.e., of about 2.0 mA for the positron beam and 4.7 mA for 

the electron beam. The K-paranteter was set at 1.66 for both measurements by 

adjusting the magnet gap width to 28 mm. A finite observation aperture was 

set on the undulator axis limiting the half angular acceptance of the 
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harmonic of the unduJator radiation emitted from the positron beam as well 
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radiation to 0.033 mrad. During the measurements, the vertical Higgler was 

not operated. Detailed descriptions of the undulator, beamline arrangement, 

and procedure of the absolute spectral measurement of the radiation in the 

soft x-ray region can be found in the literature /1-3/. The f-ray 

background level could not be measured in this low current mode of 

operation. 

Figure 1 shows the spectral distribution of the 1st harmonic of the 

undulator radiation obtained with the positron and the electron beam. Both 

spectra are given in the absolute brightness, i.e., in unit of 
2 

photons/sec'mA'mrad »12bandwidth over a photon energy range from 240 eV to 

440 el/. The results of the analyses of these two spectra are summarized in 

the table. The meaning of the quantities Au , Aw and u> can be found in fig. 

2. The edge position observed at 414 eV is just as same as that expected 

from the well known relation between the wavelength and the K-parameter. 

The observed values of the peak brightness of about 8 * 10 are in 

agreement well with those obtained in our previous work /2,3/. The 

fractional bandwidth Aajus observed as about 0.03, a measure of sharpness of 

the edge, is the FWHM expected for an infinitesimal emittance with the 

finite observation aperture. The full fractional bandwidth Au/w, observed 

here as about 0.06, is the FWHM broadened by the real finite beam emittance. 

Although there are slight differences between the obtained values for 

respective quantity, it could only be mentioned here that there is no 

appreciable difference at the low beam current of a few mA between the two 

spectra obtained with the positron and the electron beam, when taking into 

account both the growing ambiguity in the offset level of the current 

monitor in the lower current mode and the sensitivity of the spectral 

profile to the beamline alignment. However, the same measurements described 
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above should still be performed also in a high beam current operation 

because the effects of the ion collection will become significant in the 

high stored current mode of operation. 

The author expresses his thanks to all the staff members of the 

injector linac and light source divisions for their support to this 

experiments. 
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Table. Observed spectral properties of the 1st harmonic. 

e beam e" beam 

Peak energy (eV) 

Edge energy (eV) 

Peak brightness 2 
(photons/sec-mA'tnrad *l%bw) 

Au /u 

Au/u 

401 

414 

7.7 x 1013 

0.027 

0.060 

401 

414 

8.0 x 1013 

0.032 

0.068 

Figure Captions 

Fig. 1. Observed spectral distribution of the 1st harmonic of the undulator 

radiation emitted from the positron beam (upper) and the electron 

beam (lower), both obtained in low current operation of a few mA. 

The spectra are given in the absolute brightness over a photon 

energy range from 240 eV to 440 eV. 

Fig. 2. A schematic of the spectral profile of the 1st harmonic, u is the 

peak energy. Au is the FWHM expected for an infinitesimal 

emittance with the finite observation aperture and Au is that 

broadened by the real finite emittance. 
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