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PRECISION MEASUREMENT
OF THE PROTON CHARGE RADIUS

IN ELECTRONÄPROTON SCATTERING
A. A. Vorobyev 1

Petersburg Nuclear Physics Institute of the National Research

Centre ©Kurchatov Instituteª, Gatchina, Russia

This report presents a project of an experiment for precision studies of the elastic electronÄproton
scattering in the low momentum transfer region. The project is based on an innovative experimental
method which allows for detection of recoil protons in a hydrogen ©active targetª. The goal of the
experiment is to measure the ep elastic scattering differential cross section in the Q2 range from 0.001
to 0.04 GeV2 with 0.1% relative and 0.2% absolute precision and to determine the proton charge radius
with a sub-percent precision. The important advantages of the proposed experiment are low radiative
corrections, inherent to the recoil proton method, and absolute measurements of the differential cross
sections. The experiment will be performed with the 720-MeV electron beam of the Mainz electron
accelerator MAMI. This accelerator can provide an electron beam with parameters optimal for this
experiment. The Proposal was approved by the MAMI Program Advisory Committee, and a special
Agreement aimed at realization of this experiment was signed between Petersburg Nuclear Physics
Institute and Institute of Nuclear Physics of Mainz University. Also, scientists from the following
institutes will participate in this project: GSI Helmholtz Centre for Heavy Ion Research, Germany; Joint
Institute for Nuclear Research; William and Mary College, USA; Mount Allison University, Canada;
University of Regina, Canada; Saint Mary's University, Canada. The ˇrst measurements should be
started in 2020.

�·¥¤¸É ¢²¥´´Ò° ¢ ¤μ±² ¤¥ ¶·μ¥±É Ô±¸¶¥·¨³¥´É  μ¸´μ¢ ´ ´  ¨¸¶μ²Ó§μ¢ ´¨¨ ´μ¢μ£μ ³¥Éμ¤ 
¨¸¸²¥¤μ¢ ´¨Ö Ô²¥±É·μ´-¶·μÉμ´´μ£μ · ¸¸¥Ö´¨Ö ¢ μ¡² ¸É¨ ³ ²ÒÌ ¶¥·¥¤ ´´ÒÌ ¨³¶Ê²Ó¸μ¢. �¸´μ¢μ°
³¥Éμ¤  Ö¢²Ö¥É¸Ö ·¥£¨¸É· Í¨Ö ¶·μÉμ´μ¢ μÉ¤ Î¨ ¸ ¶μ³μÐÓÕ ¢μ¤μ·μ¤´μ° ® ±É¨¢´μ° ³¨Ï¥´¨¯. –¥²ÓÕ
Ô±¸¶¥·¨³¥´É  Ö¢²Ö¥É¸Ö ¨§³¥·¥´¨¥ ¸¥Î¥´¨Ö ep Ê¶·Ê£μ£μ · ¸¸¥Ö´¨Ö ¢ μ¡² ¸É¨ Q2 μÉ 0,001 ¤μ 0,04 ƒÔ‚2

¸ 0,1% μÉ´μ¸¨É¥²Ó´μ° ¨ 0,2%  ¡¸μ²ÕÉ´μ° ÉμÎ´μ¸ÉÓÕ ¨ μ¶·¥¤¥²¥´¨¥ ¢¥²¨Î¨´Ò ¶·μÉμ´´μ£μ § -
·Ö¤μ¢μ£μ · ¤¨Ê¸  ¸ ¸Ê¡¶·μÍ¥´É´μ° ÉμÎ´μ¸ÉÓÕ. ‚ ¸· ¢´¥´¨¨ ¸ ¶·¥¤Ò¤ÊÐ¨³¨ Ô±¸¶¥·¨³¥´É ³¨ ¶μ
¨¸¸²¥¤μ¢ ´¨Õ ep-· ¸¸¥Ö´¨Ö, ¢ ¦´Ò³ ¶·¥¨³ÊÐ¥¸É¢μ³ ¤ ´´μ£μ Ô±¸¶¥·¨³¥´É  Ö¢²ÖÕÉ¸Ö §´ Î¨É¥²Ó´μ
³¥´ÓÏ¨¥ · ¤¨ Í¨μ´´Ò¥ ¶μ¶· ¢±¨, ¶·¨¸ÊÐ¨¥ ³¥Éμ¤Ê ¶·μÉμ´μ¢ μÉ¤ Î¨,   É ±¦¥ ¨§³¥·¥´¨¥  ¡¸μ-
²ÕÉ´μ£μ ¤¨ËË¥·¥´Í¨ ²Ó´μ£μ ¸¥Î¥´¨Ö. �±¸¶¥·¨³¥´É ¡Ê¤¥É ¶·μ¢μ¤¨ÉÓ¸Ö ¸ ¨¸¶μ²Ó§μ¢ ´¨¥³ 720-ŒÔ‚
Ô²¥±É·μ´´μ£μ ¶ÊÎ±  ´  Ô²¥±É·μ´´μ³ Ê¸±μ·¨É¥²¥ MAMI ¢ Œ °´Í¥. � · ³¥É·Ò ÔÉμ£μ ¶ÊÎ±  μ¶É¨-
³ ²Ó´Ò ¤²Ö ¤ ´´μ£μ Ô±¸¶¥·¨³¥´É . �·μ¥±É Ô±¸¶¥·¨³¥´É  ¡Ò² μ¤μ¡·¥´ �·μ£· ³³´Ò³ ±μ³¨É¥Éμ³
MAMI, ¨ ¶μ¤¶¨¸ ´μ ¸¶¥Í¨ ²Ó´μ¥ ¸μ£² Ï¥´¨¥ μ ¶·μ¢¥¤¥´¨¨ ÔÉμ£μ Ô±¸¶¥·¨³¥´É  ³¥¦¤Ê �¥É¥·¡Ê·£-
¸±¨³ ¨´¸É¨ÉÊÉμ³ Ö¤¥·´μ° Ë¨§¨±¨ ¨ ˆ´¸É¨ÉÊÉμ³ Ö¤¥·´μ° Ë¨§¨±¨ “´¨¢¥·¸¨É¥É  ¢ Œ °´Í¥. ‚ ÔÉμ³
¶·μ¥±É¥ ¡Ê¤ÊÉ É ±¦¥ ¶·¨´¨³ ÉÓ ÊÎ ¸É¨¥ ÊÎ¥´Ò¥ ¨§ GSI (–¥´É·  ¨¸¸²¥¤μ¢ ´¨Ö ÉÖ¦¥²ÒÌ ¨μ´μ¢,
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ƒ¥·³ ´¨Ö), �¡Ñ¥¤¨´¥´´μ£μ ¨´¸É¨ÉÊÉ  Ö¤¥·´ÒÌ ¨¸¸²¥¤μ¢ ´¨°, Šμ²²¥¤¦  ‚¨²ÓÖ³  ¨ ŒÔ·¨ (‘˜�),
“´¨¢¥·¸¨É¥É  Œ Ê´É �²²¨¸μ´ (Š ´ ¤ ), “´¨¢¥·¸¨É¥É  �¥£¨´μ (Š ´ ¤ ), “´¨¢¥·¸¨É¥É  ‘ ´É ŒÔ·¨
(‘˜�). � Î ²μ ¨§³¥·¥´¨° ´ ³¥Î¥´μ ´  2020 £.
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