¢ Brookhaven

National Laboratory
BNL-105126-2014-TECH
Booster Technical Note No. 79;BNL-105126-2014-1R

H- stripping in the Booster proton injector line

R. A. Thomas

May 1987

Collider Accelerator Department
Brookhaven National Laboratory

U.S. Department of Energy
USDOE Office of Science (SC)

Notice: This technical note has been authored by employees of Brookhaven Science Associates, LLC under
Contract No.DE-AC02-76CH00016 with the U.S. Department of Energy. The publisher by accepting the technical
note for publication acknowledges that the United States Government retains a non-exclusive, paid-up, irrevocable,
world-wide license to publish or reproduce the published form of this technical note, or allow others to do so, for
United States Government purposes.



DISCLAIMER

This report was prepared as an account of work sponsored by an agency of the
United States Government. Neither the United States Government nor any
agency thereof, nor any of their employees, nor any of their contractors,
subcontractors, or their employees, makes any warranty, express or implied, or
assumes any legal liability or responsibility for the accuracy, completeness, or any
third party’s use or the results of such use of any information, apparatus, product,
or process disclosed, or represents that its use would not infringe privately owned
rights. Reference herein to any specific commercial product, process, or service
by trade name, trademark, manufacturer, or otherwise, does not necessarily
constitute or imply its endorsement, recommendation, or favoring by the United
States Government or any agency thereof or its contractors or subcontractors.
The views and opinions of authors expressed herein do not necessarily state or
reflect those of the United States Government or any agency thereof.



AD
Booster Technical Note

No. 79

RicHARD A, THoMAS

May 7, 1987




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 v
through a magnetic field of magnltude B will experience an electric field of magnitude F
give

E = ~vB = ¢ fyB (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
equation2

df) _ 1)

dt 7(t)
where f(t) is the fraction of the beam remaining at time ¢, f(t==0) = 1, and 7(t) is the
average lifetime of an ion in the field F in which the ion is moving at tue tlme t. If the

magne‘mc field is constant along the path of the particle then 7 is constant and f(t) is
simply an exponential decay function.

found experimentally3 to be
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{E) = 796 X 10° Vs/m [4.256 X 10° V/m ]
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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 HEBT line and the 6.968° bend
in Booster dipole magnet MDC5 through which the beam is injected). For 200 MeV H-
ions, B = v/¢, = 0.5662 and Bp = 2.1496 T-m. Therefore, since

BL = (Bp)#t

where @ is in radians, and BL is the product of the constant dipole field of the bending
magnets in the H line and their total magnetic length,

BL =1.1834 T'm

1John David Jackson, Classical Electrodynamics, p. 380.

?K. Prelec, “Stripping of H™ in a Magnetic Field,” AGS Division Technical Note No. 110, June 4,
1974.

3G. M. Stinson, et. al., Nucl. Instrum. Methods, 74, 333 (1964).



Physical restrictions and construction requirements suggest the use of four bending mag-
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stripping.
% stripped = 100% ll —e”t /TJ

where t = 4l/v and 7 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 values give negligible ion stripping.

[ B T t % Lost
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(m) | (T) (us) (ns) (%)

0.5 | 2.367 | 1.01 x 10* | 11.78 | 100.00
0.6 | 1.972 | 6.97 X 10* | 14.14 | 100.00
0.7 | 1.691 | 4.66 X 102 | 16.50 97.09
0.8 | 1.479 | 3.06 X 102 | 18.85 46.04
0.9 | 1.315 | 1.97 X 107! | 21.21 10.20
1.0 | 1.183 | 1.26 23.57 1.86
1.1 | 1.076 | 7.92 25.92 0.33
1.2 | 0.986 | 4.96 X 10! | 28.28 0.06
1.3 | 0.910 | 3.08 X 10? | 30.63 0.01
1.4 | 0.845 | 1.90 X 10® | 32.99 0.00
1.5 | 0.789 | 1.17 x 10* | 35.35 0.00
1.6 | 0.740 | 7.15 X 10* | 37.70 0.00
1.7 | 0.696 | 4.35 X 10° | 40.06 0.00
1.8 | 0.657 | 2.64 X 108 | 42.42 0.00
1.9 | 0.623 | 1.60 X 107 | 44.77 0.00
2.0 | 0.592 | 9.66 X 107 | 47.13 0.00




