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H- Stripping in the Booster Proton Injection Line 

Richard A. Thomas 

A purely electric or magnetic field in one frame of reference will appear as a mix- 
ture of electric and magnetic fields in another frame of reference if the second coordinate 
system is in motion relative to the first. Therefore a particle moving at velocity 21 
through a magnetic field of magnitude B will experience an electric field of magnitude E 

given by the Lorentz transformation’ 

E = yvB = c @yB (MKS units) 

For the H- injection line this electric field might cause stripping of the H- ion to neutral 

hydrogen. The decay of H- ions in an electric field can be represented by the differential 

equation’ 

df (t) = I (t) 
dt --- 7(t) 

where f(t) is the fraction of the beam remaining at time t, f(t=U) = 1, and T(t) is the 
average lifetime of an ion in the field E in which the ion is moving at the time t. If the 
magnetic field is constant along the path of the particle then 7 is constant and f(t) is 
simply an exponential decay function. 

The average lifetime of H‘ ions as a function of the electric field strength has been 

found experimentally3 to be 

W= 
7.96 X 10P6 Vs/m 4.256 X 10’ VT/m 

E E 1 
The H- transfer line to the Booster requires that the ions bend through an angle of 

126.165 ’ (excluding the 7.5 ’ bend at the kicker in the HEJBT line and the 6.968 ’ bend 

in Booster dipole magnet MDC5 through which the beam is injected). For 200 MeV H- 
ions, p = v/c, = 0.5662 and Bp = 2.1496 T-m. Therefore, since 

BL = (B p) 0 

where 0 is in radians, and BI, is the product of the constant dipole field of the bending 

magnets in the H- line and their total magnetic length, 

BL = 1.1834 Tern 

‘John David Jackson, Classical Electrodynamics, p. 380. 

2K. Prelec, “Stripping of He in a Magnetic Field,” AGS Division Technical Note No. 110, June 4, 

1974. 

3G. M. Stinson, et. al., Nucl. Instrum. Methods, 74, 3:33 (1964). 
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Physical restrictions and construction requirements suggest the use of four bending mag- 
nets of equal length, I, so L = 41. We wish. to choose a length that gives insignificant 
stripping. 

5% stripped = 100% [1 - e-t/~] 

where t = 4l/v and r is calculated from the equations given above. The results are 

shown in the table below. Ramesh Gupta, who is specifying the design of the H- injec- 
tion line, has chosen the values of 1.3 m and 0.91 T for the lengths and strengths of the 
four dipole magnets since these va ues give negligible ion stripping. 
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