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MEASUREMENT OF THE ELECTRON LOSS CROSS SECTIONS FOR NEGATIVE HYDROGEN IONS ON CARBON AT 200 MeV 
Robert C. Webber and Carlos Hojvat*+ 

SUMMARY 

The beam diagnostic equipment in the injection 
area of the Fermilab Booster accelerator has been used 
to measure the cross sections of electron loss for H- 
ions on carbon. The details of the method are de- 
scribed. Preliminary results and comparison to theo- 
retical calculations are presented, 

INTRODUCTION 

Capture or loss of electrons, the processes of 
charge exchange, take place when fast moving ions 
traverse a material. The study of the cross sections 
governing these processes is of both theoretical and 
practical interest. These phenomena can be utilized 
to obtain a desired admixture of charge states of a 
given atom, 

In the field of accelerator physics, charge ex- 
change processes are used in tandem accelerators, neu- 
tral beams for heatinq of thermonuclear plasmas and 
for the method of charge exchange injection into cyclic 
accelerators. 

H- charge exchange injection has recently become 
operational in the Fermilab Booster.' An inteqral part 
of the method is a strippina medium reauired to convert 
the injected H- ions into photons for capturing in the 
accelerator's orbit for acceleration, 

The design of the stripping foils required knowl- 
edge of the electron loss cross sections at 200 MeV to 
calculate the stripping efficiency. Although a large 
number of measurements for charge exchange cross sec- 
tions do exist, * the highest energy for which published 
results are available is 45 MeVq3 With the Fermilab 
Booster H- charge exchange injection system now opera- 
tional, the electron loss cross sections for 200 MeV 
H- ions on carbon can be experimentally measured. 

METHOD 

When H- ions traverse a material, six charge ex- 
change processes can occur. Three are electron"loss 
reactions (-l,O), (O,l), (-1,l) and three are electron 
pickup reactions (l,O), (0,-l), (1,-l). For energies 
above 100 keV the cross sections for electron pickup 
are very small and can be neglected.' 

Three differential equations describe the varia- 
tion of the charge fractions with the foil thickness: 

CN- -( -= 
dx a-1o + QN 

dN" -=(-J 
dx -ION- - uolNo (1) 

dN+ -- = 
dx 

0 
-IIN- + "()lNO 

whet-e x is the number of target atoms per cm2, u 
-1,O' 

uo,l' o-1,1 
are the electron loss cross sections, and 

NT, N\‘ and N- the three charge fractions in the beam. 
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Integrating (1): 

N- = e 
-(qo + “-11)x 

N+ = l-N--NO 

The values of the three charge fractions can be 
measured experimentally as a function of the foil 
thickness. 

(2) 

A diagram of the Fermilab Booster H- injection 
system is shown in Figure 1. 200 MeV H- ions from a 
Linear accelerator pass through a carbon stripping foi 
at the injection point in the Booster, The electrons 
are stripped off the H- ions by the foil and the re- 
sulting beam of protons is set in the accelerator or- 
bit by the second double magnet ORBMPII. Carbon was 
selected as the stripuing material because of its com- 
mercial availability, expected life time, low multiple 
scattering and relatively low cost." 
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Flq. 1. Fermilab Booster injection area for 
H operation. 

The method to determine the electron loss cross 
sections is based on utilizing the double magnet 
ORBMPII as an analyzer of the charge composition of the 
injected beam of H- ions after traversing the carbon 
foil. 

The single wire scanners SWH4 and SWV4 are used to 
measure the charge fractions. A wire is moved across 
the aperture of the machine and a measurement of the 
beam profile is obtained, Downstream of ORBMPII the 
three charge fractions are separated horizontally but 
they overlap vertically. The horizontal scanner SWH4 
determines the three fractions and the vertical scanner 
SWV4 is used for monitoring as it measures the sum of 
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the three charge states. The sums of the three charge fractions should be 
equal to 1 for all foils. The relative sensitivitv of 
the wire scanners to different ions is then obtained 
by minimizing the function: 

Beam current toroids in the 200 MeV transport line 
provide normalization for fluctuations in the H- in- 
jected beam current. 

MEASUREMENTS 

H- beam currents between 14,5 mA and 31.8 mA for a 
duration of 2.8 ps were injected into the Fermilab 
Booster in the normal manner, To prevent circulating 
beam from interfering with the measurements, the 
Booster guide field was run at a lower value so that 
stripped H- captured in the machine were lost before 
they'could travel around 
injection area. 

the accelerator back to the 

Foils of surface densities between 10 pgcm-* and 
300 ugcm-* were utilized, The results of the horizon- 
tal scans with wire SWH4 are shown in Figure 2 for all 
the foils plus a scan with an empty frame for normali- 
zation. Separation between the different peaks is of 
the order of 2.0 cm, comparable to the full width of 
the beams. The amount of a given charge fraction is 
assumed to be proportional to the peak voltage for that 
charge distribution. The error due to the overlap of 
neighboring distributions is smaller than other errors 
and-has been neglected. 
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Fig. 2. [c?rizoiFal i;ofilz obt!ained2with3Sz4 
wire scanner from different foil thicknesses. 

(3) 

using a and B as free parameter?. c1 and B are the inI 
verse of the sensitivities to H and Ho relative to H 
ions. Vi, V'/ and VT are the voltages at the peak of 

the charge distributions for foil "i", and V- is the 
Peak voltaqe for the H- distribution with no'foil 
(empty frame). From the minimization with the computer 
program MINUIT 5 the values obtained are: 

0, = -13.5 (3 = 2.2 (4) 

The value of a is in good agreement with the meas- 
urements for the thicker foils which convert all H 
into Ht ions, With the values above, the measured 
fractions of the beam for all the foils were calculated 
and included in Figure 2. 

The s urn of the 
foil is di stributed 
the errors involved. 

three charge fractions for each 
as 1.00 t 0.035 giving an idea of 

The measured fractions M-, MO and Mt and the theo- 
retical distributions (2) are used to construct a x* 
function: 

(6) 

summed over all the foils "i", The errors Ui are de- 
termined for each measured charge fraction from the 
two following contributions. The foil thickness as 
measured by the supplier has an error of ? 10%. The 
differential equations (1) are used to propagate the 
thickness error to an error in the fractions. Noise 
and non-linearities in wire signal amplifier electron- 
ics give an estimated error in the measured voltages 
of: 

(o.ol)* + (o.035*vi)* 

The x2 function was minimized with the computer 
program MINUIT using as parameters the three electron 
loss cross sections, resulting in the following values: 

ae10 = (1.56 2 0.14) x lo-I8 cm* 

aol = (0.60 i: 0.10) x lo-I8 cm* 

umll = (-0.08 + 0.13) x lo-l8 cm* 

for a final value F = 18.6 for 9 degrees of freedom. 
The theoretical distributions calculated with these 
values, setting a-II = 0 are plotted in Figure 3 to- 

gether with the experimental results. 

Different ions give rise to signals of different 
amplitudes as detected by the wire scanners. The Ht 
signal is due solely to secondary emission from the 
wire, the Ho signal to capture of one electron plus 
secondary emission, and the H- signal to the capture of 
two electrons plus secondary emission. The wire scan- 
ners' sensitivity relative to the H- response was de- 
termined experimentally. 
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CARBON FOIL SURFACE DENSITY ()rg/cm*l 

Comparison of measured charged Fig, 3. 
fractions to the theoretical curves. 

DISCUSSION 

The value for a-11 is consistent with zero, The 
method, with the errors as presently understood, is not 
sensitive enough to determine the value of this cross 
section. 

Figure 4 summarizes the presently available data 
and recent theoretical calculations for comparison with 
our results. 

The a0 
a 

results are those of Acerbi et al. be- 
tween 22 an 45 MeVm3 The plotted values for carbon 
were obtained from their measurements for CH4 and H2 by 
uol(C) = aOl(CH4) - 2aOl(H2). The rest of the experi- 
mental data are for oxygen, nitrogen and air.6'7'*'g'10 
Results of recent theoretical calculations by Gillespie 
for carbon are included." 

Very good agreement is observed between our re- 
and the theoretical calculation, For 

is within two standard devi 
curves seem to follow the 

cross section's dependence with energy very closely, 
for this energy region. 
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Fiq. 4. Comparison of the results from this 
experiment with previous results and theoretical 
predictions. 
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