Accepted Manuscript 5
NUCLEAR
INSTRUMENTS
Simulation of ion beam cooling with a pulsed electron beam Sl
RESEARCH

Section.

H. Zhao, L.J. Mao, Y.H.Zhang, H.P. Wang, J.C. Yang, T. Powers,
M.T. Tang, J. Li, X.M. Ma, X.D. Yang, K. Jordan, S.H. Wang, H. Zhang,
7.Q. Dong, M. Spata

PII: S0168-9002(18)30400-5
DOI: https://doi.org/10.1016/j.nima.2018.03.048
Reference: NIMA 60690

To appear in:  Nuclear Inst. and Methods in Physics Research, A

Received date: 6 November 2017
Revised date: 14 March 2018
Accepted date: 15 March 2018

Please cite this article as: H. Zhao, L.J. Mao, Y.H. Zhang, H.P. Wang, J.C. Yang, T. Powers, M.T.
Tang, J. Li, X.M. Ma, X.D. Yang, K. Jordan, S.H. Wang, H. Zhang, Z.Q. Dong, M. Spata,
Simulation of ion beam cooling with a pulsed electron beam, Nuclear Inst. and Methods in Physics
Research, A (2018), https://doi.org/10.1016/j.nima.2018.03.048

This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to
our customers we are providing this early version of the manuscript. The manuscript will undergo
copyediting, typesetting, and review of the resulting proof before it is published in its final form.
Please note that during the production process errors may be discovered which could affect the
content, and all legal disclaimers that apply to the journal pertain.


https://doi.org/10.1016/j.nima.2018.03.048

“VialluostLliiptL

Click here to view linked References

Simulation of ion beam cooling with a pulsed electron
beam

H. Zhao*©, L. J. Mao®*, Y. H. Zhang*, H. P. Wang, J. C. Yang?, T.
Powers?, M. T. Tang®P?, J. Li#, X. M. Ma?, X. D. Yang?, K. Jordan®, S. H.
Wang®, H. Zhang”, Z. Q. Dong®°, M. SpataP

@ Institute of Modern Physics, Chinese Academy of Sciences, Lanzhou 730000, China
b Thomas Jefferson National Accelerator Facility, Newport News, VA 12000, USA
¢ University of Chinese Academy of Sciences, Beijing 100049, China

Abstract

All operational electron cooling systems employ a DC electron beam that gener-
ated by an electrostatic electron gun. This paper is devoted to the simulation of
the electron cooling process with a pulsed electron beam, in which the electron
cooling, Intra Beam Scattering and the space-charge field of the pulsed electron
beam are included. A simulation of coasting ion beam cooling with a pulsed
electron beam showed that the ion beam is cooled down to a small momentum
spread, and all ions are captured by the bucket created by the pulsed electron
beam space-charge field simultaneously. Finally, a cold pulsed ion beam with
length the same as the electron pulse is obtained. In this article, the struc-
ture of the particle tracking simulation code is described and the simulation
results of coasting and bunched ion beam cooling with a pulsed electron beam
are presented and analysed. Moreover, the preliminary experiment on CSRm is
introduced and the result shows an agreement with the simulation.

Keywords: Electron cooling; Pulsed electron beam; Beam dynamic

PACS: 29.20.dk, 29.27.Bd, 41.85.Ew

1. Introduction

Electron cooling, a well-established method proposed by G. I. Budker to in-
crease the phase space density of stored ion beams, had been applied successfully

in many proton, antiproton and ion storage rings [1]. The first electron cooling
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