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CONSTRUCTION OF ELECTRON BEAMLINE FOR THE MEASUREMENT OF
PROTON RADIUS BY ULTRA-LOW Q VALUE ELECTRON ELASTIC SCATTERING
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Abstract

At Research Center for Electron Photon Science (ELPH), Tohoku University, we have developed to determine the
proton charge radius by low-energy electron scattering under the lowest-ever momentum transfer. The precious electron
scattering experiments, which may impacts to “Proton Radius Puzzle”, requires high duty and high quality electron beam
with energy spread Ap/p<0.1%, beamsize at target G<Imm on various beam energy(~several tens MeV). Low energy
high power electron linac at ELPH has provided high duty, high power electron beam with various beam energy, but the
quality is not enough for precious electron scattering experiments. We designed new beamline to provide low energy
spread beam by using beam slits at dispersion sections. In this paper, we reports design work of electron scattering
beamline and results of emittance and energy spread measurement.
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Figure 1: The result of Q-scan measurements with
Ee=20 MeV. In this case, horizontal normalized emittance
was measured £,=42+2 mm-*mrad.
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Table 1: Results of the emittance measurement. Twiss parameters show at exit of the last accelerating structure which is

entrance of beam transport line.

Ee Enx Eny Bx Olx By Oly
[MeV] | [mm-mrad] | [mm-mrad] [m] [m]

20 42+2 37%3 1.71£0.2 | -1.7620.2 | 3.98£0.6 | -1.56%0.2

30 44.8 0.1 66+5 1.917 -0.0840 7.0E£1 -2.52+04
+0.002 +0.0001

40 64.2+0.1 91*6 3.183 -1.1625 8.7+2 -1.76 0.3
#0.001 #0.0003

50 40+3 6416 5.8%1 -1.31£0.3 12.1£3 -2.90£0.7

60 77.3%+0.4 65+t5 6.789 -1.361 42+2 -0.59+£0.2
+0.006 +0.001
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Figure 2: The energy spread at RI production. 1 pixel =
0.112 mm.
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Figure 3: The energy spread after beam tuning.
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Figure 4: The layout of low energy high power electron
linac. The electron beam, which is accelerated by eight 1m
accelerating tube, passes through 90 degree dispersion
section to experimental room. For RI production, the
electron beam goes straight to irradiated target in
experimental room. For electron scattering experiment,
beam bends by 120 degree dispersion section, then goes to
scattering target.
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Figure 5: Optics for electron scattering. This shows from last accelerating tube.
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Figure 6: Tracking results. Left: Initial energy distribution
3% (Full width). Right: Energy distribution at the target.
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Figure 7: Tracking results. Left: Horizontal phase space
distribution. Right: Vertical phase space distribution.
Beam sizes are 6=1 mm at target on both direction.
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