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INTRODUCTION

At the conclusion of the "proton run" this spring, the machine was set up to
run Sit 14, Late one evening, the Operations Group called one of the
authors out of a sound sleep. They couldn’t "find the beam" on injection.
Woody Glenn had the suspicion that a high pressure "bump" in one of the
vacuum sectors of the AGS might be causing problems. Due to leaks in two
separate indium seals, Vacuum Sector I pressure was = 2 x 10°¢ Torr. The
leaks were repaired, and shortly thereafter they "found the beam”. This raised
interests as to the possible consequences of pressures in the AGS when
accelerating heavy ions.

At the conclusion of the heavy ion run, an experiment was conducted to
assess the effect of gas pressure on heavy ion beam transmission in the AGS.
Using a pickup electrode at G-7 and a beam current monitor at L-20, beam
intensity as a function of time was monitored at injection. These measure-
ments were conducted with the existing "ambient" AGS pressure and after
introducing a "pressure bump" at the ion profile monitor at E-10. The data
were somewhat qualitative. However, some important conclusions could be
reached on analysis of the data.

It will be shown that it is not required that one know the absolute
"ambient" pressure to quantitatively determine total cross sections for a
given test gas. It is only essential that a good "ambient" pressure, beam
intensity base line be established prior to the "bump" being introduced. It is
assumed in the analysis that electron capture cross sections dominate.



PRESENTATION OF DATA

The "ambient" pressure of the AGS is 2-3 x 10-7 Torr, comprising primarily
H20, CO, N2 and traces of O2. Heavy hydrocarbons are also present in
unknown partial pressures. The induced "pressure bump" resulted in an
average increase in the AGS COz2 pressure of = 5 x 10°8 Torr. Oscilloscope
tracings of the beam loss runs for the two (or more) conditions are given in
the back section of this report, as Data Pages (DP) 1 - 3. The pressure
"bump" conditions vs. ambient pressure conditions for PUE data in all three
DPs were not the same. One reaches this conclusion by plotting the signal
amplitude as a function of time on log-log paper. Slopes of all of the func-
tions differ. Therefore, in analysis of the data, we will proceed as if data in
DP 1 & 2 correlate and data in DP 3 correlate.

The beam current transformer readings, given in DP 1 & 2, were graphi-
cally extrapolated back to "zero" time. The PUE data were extrapolated back
to "zero" time plotting the log of beam intensity as a function of a linear
display of time. Data for the two current transformer plots were normalized
at "zero" time to take into account possible variations in beam injection
intensities and capture efficiencies. The PUE data were similarly treated.
These data are plotted in Figures 1 & 2. Theoretical predictions of the upper
limit of electron capture losses (i.e., beam intensity) for the two conditions are
also plotted in these figures.

INTERPRETATION OF TEST RESULTS

Current data on electron-capture cross sections are given by Schlachter,[1 let
al. These data are reported as valid for energies s 8 MeV/nucleon. Cross
section, o;, for species "i" target gas is given by the following equation:

o; = aq3.9 Zi4.2/E4.8’ (]_)

where  a = is a constant of proportionality, 1.1x10"8,
q = the charge state of the accelerated particle,
Z; = the atomic number of species "i' target gas,
E = the kinetic energy of the accelerated particle (keV).

The clectron-capture cross section varies as a function of the distance, x,
which the particle travels in the accelerator. That is,

Njo; =N;Z;*2q%-° f(E®) 2

= Uf(E(X))



E(x) = E, + x(dP/dt) 3

and, E; = the initial kinetic energy of the beam particles,
dP/dt = the rate of change in momentum of the beam particles,
x = the distance travelled in the machine (cm),
N; = the density of "i" gas (particles/cm?).

Total beam intensity, I(x) as a function of x is found by solution of (4), which
assumes "n" separate gas species in the AGS.

n
JAIE =-— [} Ufxdx @

1=1

I®) = 0)expl- (F, +T, +..+T ) 8] )

Equation (4) has the solution given in (5), assuming the exponents of both Z;
and "q" are not energy dependent. For gas species 'i", U;® is simply:

a Ni q3 .9 Zi4 .2
V0() = [Ey "% — (B, + xdP/de)®-8].  (6)
3.8 dP/dt

Energy at injection is ~ 6.38 MeV/nucleon. The change in momentum, with
time is dP/dt = 2.5 x 10°1 7 kg m/sec? for a 300 ms period. This gives us all
the information we need to evaluate (5) and (6). Note that the invariance of
'q" and Z; with energy need not be assumed in evaluation of the integral
leading to (5). That is I(x) could take the form:

I® = I(Oexp[-(T, ®+V,®+..+¥, ., @)PE)], @)

where U, | (X)®(x) is the capture cross section of, say, the test gas. One
need only solve for the natural log of the ratio of (7) and (5) to determine the
absolute cross section of species "n+1".

Theoretical curves are plotted of (5), for both beam current (Fig. 1) and
beam intensity (Fig. 2). These data were compared with measured results in
the respective figures. Data provided in the accompanying figures and tables
were calculated assuming the following conditions:



Case 1: "Ambient" Vacuum (Table I, Fig. 1 & 2)

Hz2 O Partial Pressure: 10°7 Torr
N2, CO Partial pressures: 5x 1078 Torr, each
O2 Partial Pressure: 1.5x 108 Torr
CO2 Partial Pressure: 5% 10°° Torr ("Test Gas")
Case 2: Effect of Introduced Gas (Table II, Fig. 1 & 2)
CO2 Total Pressure: 5% 1078 Torr
Case 3: Increased AGS Pressures Due to a Leak (Table IIT)
H2 O Partial Pressure: 10°7 Torr
N2 /CO Partial Pressure: 1.3x 10°7 Torr
O2 Partial Pressure: 25x 1078 Torr
COz2 Partial Pressure: 5x 10°° Torr
Case 4: The AGS in 1990 (Table IV)
H2 O Partial Pressure: 10~8 Torr
N2 /CO Partial Pressure: 10°° Torr
COz2 Partial Pressure; 107® Torr
CONCLUSIONS

If one believes the PUE data, it appears that the electron capture cross
sections of SiT14, at energies > 6 MeV per nucleon, are less than that
predicted by the reference (for energies up to 8 MeV). Data taken with the
current transformer are in much closer agreement with theory; however, this
could be due to instrumentation problems. We must make better measure-
ments of beam losses in the first 10 ms. This will prove important in assessing
probable beam losses in the Booster at injection.

Using (5) and (7), one may easily calculate the absolute cross sections of a
number of gases as a function of beam energy. There is sufficient data herein
for one to make rough approximations of the total cross section of CO2 as a
function of energy. This is left as an exercise for the reader. When "going
through the arithmetic", one must assume that machine beam losses as a
function of time, unrelated to vacuum conditions, are the same in the two
plots given in Fig, 2.

It is possible to drastically alter theoretical beam decay by altering gas
target species, as well beam energy dependence. That is, the data are in
sufficiently close agreement with the theory that we should continue to focus
on the quality of the AGS and Booster vacuum systems.

Lastly, calculations predict one would have problems "finding the sitl4
beam" if a leak, which would be rich in oxygen, caused the average pressure in
one vacuum sector to be z 2x 10" Torr.



PROPOSED FUTURE EXPERIMENTS

It is proposed that in the spring of 1990 we conduct tests with both oxygen
and silicon beams. The background pressure in the AGS will be improved
over the present pressures; however, it has been shown that this is not a
requirement for these tests. One sector with a particularly low rate-of-
pressure rise could be selected for a "test” chamber. Controlled and well
defined pressure gradients of various gas species could be introduced while
shutting off some of the sputter-ion pumps in the given sector. With a good
beam current monitor, beam intensities can be calculated and precise
measurements made of electron capture cross sections of a number of gases.
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Normalized Beam Intensity
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35.90E+00
-3.80E+00
4 .20E+00

TABLE 1.

Case 1

= g exponent
= E expohent
= Z expohent

PARTIAL PRESSURES
OF AGS GASES

GAS
OXYGEN
Co/N2
WATER
TEST GAS

PRESSURE
1.50E-08
5.00E-08
1.00E-07
5.00E-09

#1

#2
#3
#4

B = (Eo + moc”2)

A=

t = ((eD)M-1)*[(B"2) - (A"2)
v(t) = c*(1-(A/(B+D*x))"2)".5

NORMALIZED BEAM INTENSITY

the exp.
~9.96E-04
-1.99E-03
-3.96E-03
-5.93E-03
-7.88E-03
-9.81E-03
-2.12E-02
~4.18E-02
-6.01E-02
-7.79E-02
-9.39E-02
-1.09E-01
-1.24E-01
-1.37e-01
-1.51E-01

© ~1.62E-01

~1.74E-01
-1.84E-01
-2.21E-01
-2.51E-01
-3.30E-01
-3.60E-01
-3.72E-01
~-3.78E-01
-3.82E-01
~3.82E-01
-3.83E-01
-3.83E-01
-3.84E-01
-3.84E-01

TEST GAS
ONLY
el'"“exp.
9.99E-01
9.98E-01
9.96E-01
9.94E-01
9.92E-01
9.90E-01
9.79E-01
'9.59E-01
9.42E-01
9.25E-01
9.10E-01
8.96E-01
8.83E-01
8.72E-01
8.60E-01
8.50E-01
8.41E-01
8.32E-01
8.02E-01
7.786-01
7.19E-01
6.98E-01
6.89E-01
6.86E-01
6.83€-01
6.82E-01
6.82E-01
6.82E-01
6.81E-01
6.81E-01

YAMBIENTY
& TEST GAS

9.96E-01
9.92E-01
9.84E-01
9.76E-01
9.69E-01
9.61E-01
9.19E-01
8.46E-01
7.86E-01
7.31E-01
6.86E-01
6.45E-01
6.08E-01
5.76E-01
5.46E-01
5.22E-01
4.98E-01
4.77E-01
4.11E-01
3.65E-01
2.65E-01
2.36E-01
2.24E-01
2.19E-01
2.16E-01
2.156-01
2.15E-01
2.15E-01
2.14E-01
2.14E-01

Ix"meter
7.85E+02
1.57E+03
3.14E+03
4.71E+03
6.28E+03
7.85E+03
1.73E+04
3.53E+04
5.26E+04
7.07E+04
8.80E+04
1.06E+05
1.24E+05
1.42E+05
1.61E+05
1.78E+05
1.97E+05
2.16E+05
2.91E+05
3.77E+05
8.01E+05
1.28E+06
1.81E+06
2.40E+06
3.02E+06
3.71E+06
4 . L4E+06
6.05E+06
1.68E+07
3.14E+07

mo
Pdot

Eo

c

moc”2
vo =

Iltll sec

2.25€E-05
4.50E-05
9.00E-05
1.35E-04
1.80E-04
2.25E-04
4.93E-04
1.01E-03
1.49E-03
2.00e-03
2.47E-03
2.97E-03
3.47E-03
3.96E-03
4.46E-03
4.93E-03
5.43E-03
5.93-03
7.88E-03
1.00E-02
2.00E-02
3.00E-02
4.00E-02
5.00E-02
6.00E-02
7.00E-02
8.00E-02
1.00E-01
2.00E-01
3.00E-01

4.65E-26
2.49E-17
2.86E-11
3.00E+08
4.21E-09
4.19E-09
3.49E+07

v(t)
3.49E+07
3.49E+07
3.49E+07
3.50E+07
3.50E+07
3.50E+07
3.52e+07
3.54E+07
3.57e+07
3.59E+07
3.62E+07
3.65E+07

3.676+07

3.70E+07
3.72e+07
3.75E+07
3.77E+07
3.80E+07
3.90E+07
4 ,02E+07
4 .53E+07
5.05E+07
5.56E+07
6.07E+07
6.57e+07
7.06E+07
7.55E+07
8.51E+07
1.29E+08
1.64E+08

Kimo M. Welch

kg

8/6/89

kg*m/sec”2

Joules
m/sec”2

+ 2*B*D*x + (D"2)*x~2]".5

v(t)/vo

1.00E+00
1.00E+00
1.00E+00

1.00E+00

1.00E+00
1.00E+00
1.01E+00
1.01E+00
1.02E+00
1.03E+00
1.04E+00
1.04E+00
1.05E+00
1.06E+00
1.07E+00
1.07e+00
1.08E+00
1.09E+00
1.12E+00
1.15E+00
1.30E+00
1.45E+00
1.59E+00
1.74E+00
1.88E+00

2.02E+00

2.16E+00
2.44E+00
3.69E+00
4.70E+00

NORMALIZED

BEAM
CURRENT
9.96E-01
9.93E-01
9.85E-01
9.78£-01
9.71E-01
9.64E-01
9.25E-01
8.58E-01
8.03E-01
7.53E-01
7.11E-01
6.73E-01
6.40E-01
6.10E-01
5.83E-01
5.60E-01
5.39E-01
5.19E-01
4.60E-01
4.20E-01
3.44E-01
3.41E-01
3.57E-01
3.82E-01
4.07E-01
4.36E-01
4 .65E-01
5.24E-01
7.90E-01
1.01E+00

ENERGY/
NUCLEON
MeV

6.38E+00
6.39E+00
6.40E+00
6.41E+00
6.41E+00
6.42E+00
6.48E+00
6.58E+00
6.67E+00
6.77E+00
6.87E+00
6.97e+00
7.07E+00
7.17E+00
7.27E+00
7.37E+00
7.48E+00
7.58E+00
8.00E+00

'8.47E+00

1.08E+01
1.35E+01
1.64E+01
1.97E+01
2.32E+01
2.70E+01
3.10E+01
4 .00E+01
9.98E+01
1.81E+02



TABLE II.

Case 2

3.90E+00 = q exponent

-3.80E+00
4 .20E+00

E exponent

= Z exponent

PARTIAL PRESSURES
OF AGS GASES

GAS
OXYGEN
CO/N2
WATER
TEST GAS

PRESSURE
1.50E-08
5.00E-08
1.00E-07
5.00E-08

#1

#2
#3
#4

B = (Eo + moc*2)

A=

mo
Pdot

Eo

c

moc"2 =
vo =

4.65E-26
2.49E-17
2.86E-11
3.00E+08
4.21E-09
4.19E-09
3.49E+07

Kimo M. Welch

kg

8/6/89

kg*m/sec”2

joules
m/sec”2

t = ((eD)*-1)*[(B"2) - (A"2) + 2*B*D*x + (D"2)*x*2)~.5

v(t) = c*(1-(A/(B#D*x))"2)".5

NORMALIZED BEAM INTENSITY

the exp.

-9.96E-03 -

-1.99E-02
~3.96E-02
-5.93e-02
-7.88E-02
-9.81E-02
~2.12E-01
~4.18E-01
~6.01E-01
-7.79e-01
-9.39E-01
-1.09E+00
-1.24E+00
- =1.37E+00
-1.51E+00
~1.62E+00
-1.74E+00
-1.84E+00
-2.21E+00
-2.51E+00
-3.30E+00
-3.60E+00
-3.72E+00
-3.78E+00
-3.82E+00
-3.82E+400
-3.83e+00
-3.83E+00
-3.84E+00
~3.84E+00

"TEST GAS
ONLY
el exp.
9.90E-01
9.80E-01
9.61E-01
9.42E-01
9.24E-01
9.07e-01
8.09E-01
6.59E-01
5.48E-01
4 .59E-01
3.91E-01
3.35E~01
2.90E-01
2.53E-01
2.22E-01
1.98E-01
1.76E-01
1.58E-01
1.09E-01
8.15E-02
3.68E-02
2.74E-02
2.42E-02
2.29E-02
2.20E-02
2.18E-02
2.17e-02
2.17e-02
2.16E-02
2.16E-02

MAMBIENT"
& TEST GAS

9.87E-01
9.74E-01
9.50E-01
9.26E-01
9.03E-01
8.80E-01
7.59E-01
5.81E-01
4.58E-01
3.63E-01
2.95E-01
2.41E-01
1.99e-01
1.67E-01

1.41E-01

1.21E-01
1.04E-01
9.07e-02
5.62E-02
3.82E-02
1.36E-02
9.26E-03
7.89E-03
7.34E-03
6.96E-03
6.89€-03
6.85E-03
6.82E-03
6.79E-03
6.79E-03

"x'meter
7.85E+02
1.576+03
3.14E+03
4.71E+03
6.28E+03
7.85E+03
1.73E+04
3.53E+04
5.26E+04
7.07E+04
8.80E+04
1.06E+05
1.24E+05
1.42E+05
1.61E+05
1.78E+05
1.97E+05
2.16E+05
2.91E+05
3.77E+05
8.01E+05
1.28E+06
1.81E+06
2.40E+06
3.02E+06
3.71E+06
4 L4E406
6.05E+06
1.68E+07
3.14E407

lltll sec

2.25E-05
4.50E-05
9.00E-05
1.35E-04
1.80E-04
2.25E-04
4.93E-04
1.01E-03
1.49€-03
2.00E-03
2.47E-03

-2.97e-03

3.47E-03
3.96E-03
4.46E-03
4.93E-03
5.43E-03
5.93E-03
7.88E-03
1.00E-02
2.00E-02
3.00E-02

4,00E-02

5.00E-02
6.00E-02
7.00E-02
8.00E-02
1.00E-01
2.00E-01
3.00E-01

v(t)
3.49E+07
3.49E+07
3.49E+07
3.50E+07
3.50E+07
3.50E+07
3.52E+07
3.54E+07
3.57e+07
3.59E+07
3.62E+07
3.65E+07
3.67E+07
3.70E+07
3.72E+07
3.75E+07
3.77e407
3.80E+07
3.90E+07
4_02E+07
4 . 53E+07
5.05e+07
5.56E+07
6.07E+07
6.57E+07
7.06E+07
7.55E+07
8.51E+07
1.29E+08
1.64E+08

v(t)/vo

1.00E+00
1.00E+00
1.00E+00
1.00E+00
1.00E+00
1.00E+00
1.01E+00
1.01E+00
1.02E+00
1.03E+00
1.04E+00
1.04E+00
1.05E+00
1.06E+00
1.07E+00
1.07E+00
1.08E+00
1.09E+00
1.12E+00
1.15E+00
1.30E+00
1.45E+00
1.59E+00
1.74E+00
1.88E+00
2.02E+00
2.16E+00
2.44E+00
3.69E+00
4.70E+00

NORMALIZED ENERGY/

BEAM

CURRENT
9.87E-01
9.75E-01
9.51E-01
9.27E-01
9.05E-01
8.83E-01
7.65E-01
5.89E-01
4.68E-01
3.73E-01
3.06E-01
2.51E-01
2.10E-01
1.77€-01
1.50E-01
1.30E-01
1.13€-01
9.88E-02
6.28E-02
4.40E-02
1.76E-02
1.34E-02
1.26E-02
1.28E-02
1.31E-02
1.39E-02
1.48E-02
1.66E-02
2.50E-02
3.19€-02

NUCLEON
MeV

6.38E+00
6.39E+00
6.40E+00
6.41E+00
6.41E+00
6.42E+00
6.48E+00
6.58E+00
6.67E+00
6.77E+00
6.87E+00
6.97E+00
7.07E+00
7.17e+00
7.27E+00
7.37E+00
7.48E+00
7.58E+00
8.00E+00
8.47E+00
1.08E+01
1.35E+01
1.64E+01
1.97E+01

2.32E+01 -

2.70E+01
3.10E+01
4.00E+01
9.98E+01
1.81E+02



3.90E+00
-3.80E+00
4.20E+00

PARTIAL PRESSURES
OF AGS GASES

GAS
OXYGEN
co/N2
WATER
TEST GAS

TABLE I1I. Case 3
= ¢ exponent
= E exponent
= Z exponent
PRESSURE
2.50E-08 #1
1.30E-07 #2
1.00E-07 #3
5.00E-09 #4

B = (Eo + moc"2)

A=

t = ((eD)*-1)*[(B*2) - (A"2)
v(t) = c*(1-(A/(B+D*X))*2)".5

NORMALIZED BEAM INTENSITY

the exp.
-9.96E-04
~-1.99E-03
-3.96E-03
~5.93E-03
-7.88E-03
-9.81E-03
~2.12E-02
-4.18E-02
-6.01E-02
-7.79E-02
~9.39E-02
-1.09€-01
-1.24E-01
-1.37e-01
~-1.51E-01
~1.62E-01
-1.74E-01
-1.84E-01
-2.21E-01
-2.51E-01
-3.30E-01
-3.60E-01
-3.72E-01
-3.78E-01
-3.82E-01
-3.82E-01
-3.83E-01
-3.83E-01
-3.84E-01
-3.84E-01

TEST GAS
ONLY
el'“exp.
9.99E-01
9.98E-01
9.96E-01
9.94E-01
9.92E-01
9.90E-01
9.79E-01
9.59E-01
9.42E-01
9.25E-01
9.10E-01
8.96E-01
8.83E-01
8.72E-01
8.60E-01
8.50E-01
8.41E-01
8.32E-01
8.02E-01
7.78€-01
7.19E-01
6.98E-01
6.89E-01
6.86E-01
6.83E-01
6.82E-01
6.82E-01
6.82E-01
6.81E-01
6.81E-01

VAMBIENT®
& TEST GAS

9.93E-01
9.86E-01
9.73E-01
9.60E-01
9.47E-01
9.34E-01
8.63E-01
7.49E-01
6.59E-01
5.82E-01
5.21E-01
4.68E-01
4.23E-01
3.85E-01
3.52€-01
3.25E-01
3.00E-01
2.78E-01
2.16E-01
1.75E-01
1.01E-01
8.23E-02
7.56E-02
7.28E-02
7.09E-02
7.05e-02
7.02E-02
7.01E-02
6.99E-02
6.99E-02

x"meter
7.85E+02
1.57E+03
3.14E+03
4. 71E+03
6.28E+03
7.85E+03
1.73E+04
3.53E+04
5.26E+04
7.07E+04
8.80E+04
1.06E+05
1.24E+05
1.42E+05
1.61E+05
1.78E+05
1.97E+05
2.16E+05
2.91E+05
3.77e+05
8.01E+05
1.28E+06
1.81E+06
2.40E+06
3.02E+06
3.71E+06
4. 44E+06
6.05E+06
1.68E+07
3.14E+07

mo
Pdot

Eo

c

moc*2 =
vo =

LA sec

2.25E-05
4.50E~-05
9.00E-05
1.35E-04
1.80E-04
2.25E-04
4.93E-04
1.01E-03
1.49E-03
2.00E-03
2.47E-03
2.97€-03
3.47E-03
3.96E-03
4.46E-03
4.93E-03
5.43E-03
5.93E-03
7.88E-03
1.00E-02
2.00E-02
3.00E-02
4.00E-02
5.00E-02
6.00E-02
7.00E-02
8.00E-02
1.00E-01
2.00E-01
3.00E-01

4.65E-26
2.49E-17
2.86E-11
3.00E+08
4.21E-09
4.19E-09
3.49E+07

v(t)
3.49E+07
3.49E+07
3.49E+07
3.50E+07
3.50E+07
3.50E+07
3.52E+07
3.54E+07
3.57E+07
3.59E+07
3.62E+07
3.65E+07
3.67E+07
3.70E+07
3.72E+07
3.75e+07
3.77E+07
3.80E+07
3.90E+07
4.02E+07
4 53E+07
5.05E+07
5.56E+07
6.07E+07
6.57E+07
7.06E+07
7.55E+07
8.51E+07
1.29E+08
1.64E+08

Kimo M. Welch

kg

kg*m/sec”2

joules
m/sec”2

8/6/89

+ 2¥B*D*x + (D"2)*x"2]1°.5

v(t)/vo
1.00E+00
1.00E+00
1.00E+00
1.00E+00
1.00E+00
1.00E+00
1.01E+00
1.01E+00
1.02E+00
1.03E+00
1.04E+00
1.04E+00
1.05E+00
1.06E+00
1.07E+00
1.07E+00
1.08E+00
1.09E+00
1.12E+00
1.15E+00
1.30E+00
1.45E+00
1.59E+00
1.74E+00
1.88E+00
2.02E+00
2.16E+00
2.44E+00
3.69E+00
4. 70E+00

NORMALIZED

BEAM

CURRENT
9.93E-01
9.87E-01
9.74E-01
9.62E-01
9.4%9E-01
9.37E-01
8.70E-01
7.60E-01
6.74E-01
6.00E-01
5.41E-01
4.89E-01
4.45E-01
4.08E-01
3.75E-01
3.49E-01
3.24E-01
3.03E-01
2.41E-01
2.01E-01
1.31E-01
1.19E-01
1.20€E-01
1.27e-01
1.33e-01
1.43€-01
1.52E-01
1.71E-01
2.58E-01
3.28E-01

ENERGY/
NUCLEON
MeV

6.38E+00
6.39E+00 -
6.40E+00
6.41E+00
6.41E+00
6.42E+00
6.48E+00
6.58E+00
6.67E+00
6.77e+00
6.87E+00
6.97E+00
7.07E+00
7.17E+00
7.27E+00
7.37E+00
7.48E+00
7.58E+00
8.00E+00
8.47E+00
1.08E+01
1.35E+01
1.64E+01
1.97E+01
2.32E+01
2.70E+01
3.10E+01
4. 00E+01
9.98E+01
1.81E+02



3.90E+00
-3.80E+00
4.20E+00

PARTIAL PRESSURES
OF AGS GASES

GAS
OXYGEN
co/N2
WATER
TEST GAS

TABLE 1V. Case 4

= q exponent

= E exponent

= Z exponent

PRESSURE
1.00E-10 #1
1.00E-09 #2
1.00E-08 #3
1.00E-09 #4

D =

B = (Eo + moc"2)

A=

t = ((cD)"-1)*[(B*2) - (A"2)
v(t) = c*(1-(A/(B+D*x))"2)".5

NORMALIZED BEAM INTENSITY

the exp.
-1.99E-04
-3.98E-04
~7.93E-04
-1.19€E-03
-1.58E-03
-1.96E-03
~4.23E-03
-8.35E-03
-1.20E-02
-1.56E-02
-1.88E-02
<2.19E-02
-2.48E-02
-2.75E-02
-3.01E-02
-3.24E-02
-3.47E-02
-3.69E-02
-4.42E-02
-5.01E-02
-6.61E-02
-7.19E-02
-7.44E-02
-7.55E-02
-7.63E-02
. =7.65E-02
~7.66E-02
-7.66E-02
~7.67E-02
-7.67E-02

TEST GAS
ONLY
eexp.
1.00E+00
1.00E+00
9.99E-01
9.99E-01
9.98E-01
9.98E-01
9.96E-01
9.92E-01
9.88E-01
9.85E-01
9.81E-01
9.78E-01
9.76E-01
9.73E-01
9.70E-01
9.68E-01
9.66E-01
9.64E-01
9.57e-01
9.51E-01
9.36E-01
9.31E-01
9.28E-01
9.27E-01
9.26E-01
9.26E-01
9.26E-01

9.26E-01

9.26E-01
9.26E-01

WAMBIENTY
& TEST GAS

1.00E+00
9.99E-01
9.99E-01
9.98E-01
9.98E-01
9.97€-01
9.93E-01
9.87E-01
9.82E-01
9.76E-01
9.71E-01
9.67E-01
9.63E-01
9.59E-01
9.55E-01
9.51E-01
9.48E-01
9.45e-01
9.34E-01
9.26E-01
9.03E-01
8.95E-01
8.92E-01
8.90E-01
8.89E-01
8.89E-01
8.89E-01
8.89E-01
8.89E-01
8.89E-01

"x"meter
7.85E+02
1.57E+03
3.14E+03
4. 71E+03
6.28E+03
7.85E+03
1.73E+04
3.53E+04
5.26E+04
7.07E+04
8.80E+04
1.06E+05
1.24E+05
1.42E+05
1.61E+05
1.78E+05
1.97E+05
2.16E+05
2.91E+05
3.77E+05
8.01E+05
1.28E+06
1.81E+06
2.40E+06
3.02E+06
3.71E+06
4 L4E+06
6.05E+06
1.68E+07
3.14E+07

mo
Pdot

Eo

c

n

moc”2
vo =

lltll sec

2.25€-05
4.50E-05
9.00E-05
1.35E-04
1.80E-04
2.25E-04
4.93E-04
1.01E-03
1.49E-03
2.00E-03
2.476-03
2.97E-03
3.47E-03
3.96E-03
4.46E-03
4.93E-03
5.43E-03
5.93E-03
7.88E-03
1.00E-02
2.00E-02
3.00E-02
4.00E-02
5.00E-02
6.00E-02
7.00E-02
8.00E-02
1.00E-01
2.00E-01
3.00E-01

Kimo M. Welch

4.65E-26
2.49E-17
2.86e-11
3.00E+08
4.21E-09
4.19E-09
3.49E+07

v(t)
3.49E+07
3.49E+07
3.49E+07
3.50e+07
3.50E+07
3.50E+07
3.52E+07
3.54E+07
3.57E+07
3.59E+07
3.62E+07
3.65E+07
3.67E+07
3.70E4+07
3.72E+07
3.75E+07
3.77e+07
3.80E+07
3.90E+07
4 ,02E+07
4 .53E+07
5.05E+07
5.56E+07
6.07E+07
6.57E+07
7.06E+07
7.55E+07
8.51E+07
1.29e+08
1.64E+08

8/6/89
kg

kg*m/sec”2
joules

m/sec”2

+ 2*B*D*x + (D"2)*x"21".5

v(t)/vo
1.00E+00
1.00E+00
1.00E+00
1.00E+00
1.00E+00
1.00E+00
1.01E+00
1.01E+00
1.02E+00
1.03E+00
1.04E+00
1.04E+00
1.05E+00
1.06E+00
1.07E+00
1.07E+00
1.08E+00
1.09E+00
1.12E+00
1.15€+00
1.30E+00
1.45E+00
1.5%9E+00
1.74E+00
1.88£+00
2.02E+00
2.16E+00
2.44E+00
3.69E+00
4 .70E+00

NORMALIZED

BEAM

CURRENT
1.00E+00
1.00E+00
1.00E+00
1.00E+00
1.00E+00
1.00E+00
1.00E+00
1.00E+00
1.00E+00
1.01E+00
1.01E+00
1.01E+00
1.01E+00
1.02E+00
1.02E+00
1.02E+00

-1.03E+00

1.03E+00

"1.04E+00

1.07e+00
1.17E+00
1.29E+00
1.42E+00
1.55E+00
1.67E+00
1.80E+00
1.92E+00
2.17E+00
3.28E+00
4. 17e+00

ENERGY/
NUCLEON
Mev

6.38E+00
6.39E+00
6.40E+00
6.41E+00
6.41E+00
6.42E+00
6.48E+00
6.58E+00
6.67E+00
6.77E+00
6.87E+00
6.97E+00
7.07E+00
7.17E+00
7.27E+00
7.37E+00
7.48E+00
7.58E+00
8.00E+00
8.47E+00
1.08E+01
1.35E+01
1.64E+01
1.976+01
2.32E+01
2.70E+01
3.10E+01
4.00E+01
9.98E+01
1.81E+02
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