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The acronym LAMPF indicates the Los Alamos Meson Physics Facility, 

which is a linear accelerator roughly one-half mile in length capable of 

accelerating protons to 800 million electron volts with a beam intensity 

of one milliampere (6,25 x JO protons/second). This beam will contain 

approximately 800 kilowatts of power. 

Many experiments, both in nuclear physics and nuclear chemistry, 

are planned to utilize the primary proton beam and also other secondary 

beams of pions, muons, and k-mesons, which are produced when the primary 

proton beam interacts with a suitable target. The experimental targets 

will share these primary and secondary beams simultaneously; even so, a 

sizable fraction of the primary proton beam is unused. It is estimated 

that approximately 401 or 400 pA of about 700 to 750 MeV protons will 

reach the main beam stop. 

Various target materials can be inserted into this excess beam 

near the beam stop area to produce a wide variety of radionuclides, 

primarily neutron-deficient nuclides, through a complex series of nuclear 

interactions called spallation reactions. Extensive investigations of 

spallation reactions have been performed at the Space Radiations Effects 

Laboratory in Virginia using the 600-MeV proton synchrocyclotron. The 

spallation reaction data from these investigations have provided a firm 

basis for predicting radioisotope yields for the conditions at LAMPF. 

A schematic view of the LAMPF accelerator (Figure 1) shows the 

Cockroft-Walton injector, the drift-tube accelerator, and the side-

cavity-coupled accelerator. At the end of the accelerator is the 

switchyard (Figure 2) through which portions of the beam can be deflected 

to the high-resolution mass spectrometer (Area C), the nucleon-nucleon 

physics lab (Area E), or to the proposed weapons neutron facility. The 

major portion of the proton beam will proceed through Area A, containing 

three major target cells, and will continue on through the future on-line 
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Figure 1. A Schematic View of LAMPF 

Figure 2. A Schematic View of the LAMPF Experimental Area 
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isotope separator facility, the biomedical research facility, and, 

finally, the main beam 'stop area. The Isotope Production Facility will 

be located immediately in front of the main beam stop. Occupying this 

position, operation of t'îe Isotope Production Facility should not inter-

fere with the other experiments planned for LAMPF. 

The Isotope Production Facility, which represents an addition of 

about 400 sq. ft. to the Li'MPF main beam-stop structure, is seen in 

Figure 3, which is a simplified line drawing of two views of this facility 

>aid the beam stop area. Furctionally, the Isotope Production Facility is 

designed to enable an operator to: 1) remotely attach a target-contain

ing chamber to the end of a stringer (26 ft. long x 8 in. high x 2 in. 

wide); 2) drive the stringer through a slot in the stringer housing in 

the beam-stop shielding so that the target is in position to intercept 

the proton beam; 3) carry out the irradiation, with adequate water-

cooling of the target; and, after an appropriate irradiation period; 

4) retract the stringer, remove the target chamber and transfer it to a 

bottom-loading shielded cask for transport to hot cell facilities 

located elsewhere in the laboratory. The basic facility will have an 

initial set of four independently-operable stringers, but will also have 

provisions for increasing this number to twelve in the future. It is 

expected the proton beam will reach this facility in April, 1973. 

For the past year and a half, we have been using the 600-MeV 

proton synchrocyclotron at the Space Radiation Effects Laboratory in 

Virginia to measure thin target proton-induced spallation cross section, 

and to investigate thick target effects. Table 1 shows data from 

vanadium targets irradiated in December, 1970 and June, 1971. These 

data illustrate the precision of our measurements, even though the cross 

sections for the December run are based on «a produced in an aluminum 
24 

monitor and the cross sections for the June run are based on Na 

produced in .a similar monitor. The calculated values were obtained from 

the Rudstam formula. 

Of the relatively large volumes of published spallation cross 

section data, only a few examples of cross sections independently-

measured for the same target element and the same proton energy are 

available for comparison. Cross sections differing by considerably more 



Figure 3. ScJiematic Plan and Sectional Views of the Isotope 

Production Facility 
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Experiment performed in Combined Target Area at SHEL. Monitor 
foil located 2.6, feet in front of target station. Cross sections 
"based on 22Na yield from Al (a = 15 mb). Bombardment time; 10.1 hr. 
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than the quoted range of errors have been reported by different investi

gators, as shown in Table II for the case of iron irradiated with 590 MeV 

protons. A collaborative effort of three independent research teams 

(LASL, Battelle Northwest Laboratories, and Aerojet Nuclear Corp.) was 

initiated to resolve the discrepancies in these measurements and to 

determine the correct values of the cross sections at 590 MeV for thin 

targets of iron and copper. The cross sections for iron spallation 

products determined in this study (see Table III) indicate good agree

ment for the simultaneously-irradiated but separately-measured foils. The 

larger spreads in the data occur when a is small and the photopeak in

tensities are low. 

Thin target foils of the following elements have been bombarded 

with 590 MeV protons: C, Mg, Al, Si, Ti, V, Cr, Fe, Co, Ni, Cu, Zn, Ge, 

As, Se, Nb, Mo, In, Sn, Ba, La, Ce, Tb, Lu, Hf, Ta, W, Au, Pb, Bi, and U. 

Cross sections for the various products from spallation reactions in each 

of these targets are being measured and compiled. These data have served 

as a basis for estimating yields at LAMPF, as the reaction probabilities 

are not expected to vary greatly between 600 and 700 MeV. A sampling of 

estimated isotope yields is shown in Table IV, together with an indication 

of potential uses. 



TABLE II. Some previous spallation product cross sections for iron 

irradiated with 600-MeV protons. 

Product Nuclide 

56Co 

52Mnt 
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48Cr 

51Cr 
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44mSc 

46Sc 

47Sc 
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42K 
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Data interpolated from 500 and 730-MeV results from reference 1»; 

Data interpolated from 500 and 800-MeV results from reference 2. 

T)ata taken from reference 3. ; 

Data taken from reference h. h 
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TABLE III. Nuclide cross sections.(mb) from 590-MeV proton spallation 

of thin iron targets. ' 
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0.93±0.13 
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TABIS iv. Isotope Yields From LAMPF 

(Target 6 in. diam. X 1 in. thick; E = 700 MeV; <J>p = 0.40 mA) 

Bombardment Yield 
Product Target Time (Ci) ; Comments 

I (13h) La 2h 7.6 Lower radiation dose to patients 

127Xe (36d) La 36d 91. Better nuclide for lung scans 

Ga (3.3d) As 3d * 58. Soft tissue scanning agent 

Ge (280d) As 36d 6.7 Parent of short-lived positron 
emitter 

8 8Y (105d) Mo 36d 47. Photoneutron source for Nuclear 
Safeguards 

82Sr (25d) Mo ' 36d 194. Source of 75 sec. 82Rb for heart 
scans 

-JO 

Se (9d) Mo 9d 27. New Pancreatic scanning agent 

83Rb (83d) 'Mo 36d 113. Useful in muscular dystrophy 

113Sn (120d) In 36d 2.5 Source of 1 1 3 mIn, a proven 
medically useful nuclide 

172Hf (2y) Ta 36d 13. Parent of a general purpose rare 
earth tracer nuclide 
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QUESTIONS AND DISCUSSION 

DR. SAENGER: Is there a bigger cross section for sodium-22 

or sodium-24? What is the point of knowing the cross section and what 

difference does it make? 

DR. O'BRIEN: Cross section is nothing more than a measure of 

probability for a nuclear reaction occurrence. Sodium-22 from aluminum 

has a slightly higher cross section. We are only using the sodium isotopes 

produced as reference standards to determine the number of protons striking 

the target. 

DR. MONTGOMERY: Have you compared your experimental cross sections 

with theoretical predictions such as Rudstam's formulas? 

DR. O'BRIEN: Yes 

DR. MONTGOMERY: It seems like theory has developed to the point 

where you can almost predict all the cross sections for isotopes you want 

to produce. 

DRo O'BRIEN: This is a very complicated area. One can obtain 

much better agreement between the experimental results and calculated 

values, using Monte Carlo techniques, preferably intranuclear cascade and 

evaporation codes, such as that developed by Bertini at Oak Ridge. We 

have done some comparisons this way, and the results are very good, but it 

is very expensive, computer time-wise, to run these calculations. We felt 

the best course was to experimentally measure the data that was of interest' 

to us, giving us, in addition, practical experience in spallation reactions 

by making the measurements ourselves rather than doing the calculations and 

performing a few experiments for comparison. 

The calculated values which were shown are based on the Rudstam 

systematics, an empirical formula derived to fit all of the experimental 

data that was available up to about 1966. According to Rudstam it is good 

within a factor of two or three. 

DR. SODD: May I make a point here for those who aren't familiar 

with cross sections. If a cross section is around 30 or 40 millibarns, it 

means you can make curie amounts of rhort half-life radioisotopes; whereas, 

a cross section of about 0.5 would mean the yield would not be very high. 
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DR. SAENGER: Will you make K carrier-free? 

DR. O'BRIEN: No. You will always produce a small amount of 

stable potassium from spallation reactions. 

MR. RICHARDS: It is carrier-free in the sense that you aren't 

adding any carriers. 

DR. SAENGER: But would you have the same problem as you do with 

the reactor-produced potassium-42? 

DR. O'BRIEN: No, it's considerably different. Using a reactor 

you need stable potassium as a target material; however, with a proton 

accelerator a target of a different element can be used and no carrier need 

be added. 

DR. SODD: On your iodine-123 production, for example, would you 

please tell us how you expect to get the xenon out of your target, since 

it's a gas and the target is-a metal? 

DR. O'BRIEN: Let me start off by saying we don't plan to leave 

the target in for an entire day, because, in the lanthanum target, 2-hour 

xenon-123 and 17-hour xenon-125 are produced simultaneously. The xenon-123 

will reach saturation in about 6 hours. 

We envisioned irradiating the target for two hours, removing the 

target from the beam and, by a suitable technique, sweep the xenon out of 

the target and collect it in a cold trap, much as has been described by 

Dr. Kereiakes. To miniinize the presence of iodine-125 in the iodine-123 

product we will let the xenon-123 decay for 2 hours getting only half of 

the iodine-123 that is available from the trapped xenon-123. We will give 

up a high yield of the iodine-123 to minimize the iodine-125 contamination 

which is growing in from xenon-125. We will then ship the iodine-123 product 

allowing for a 26-hour, or factor of four, decay. 

DR. BLAU: It's easy to see the chemical separation on that, but 

won't you have impurity difficulties? 

Dr. O'Brien: Not really very much. Let's look, for example, 

at gallium-67. It's the longest half-life of any of the galliums that are 

produced and you would let the others decay. 
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DR. BLAU: There is nothing but gallium produced in arsenic 

targets? 

DR. O'BRIEN: Yes, a number of elements are produced by spalla

tion reactions in any given target, but a good chemist can isolate the 

element of interest from that target. You can separate different elements 

chemically; you cannot separate isotopes of the same element without 

going to a mass spectrometer. 

DR. BLAU: We use astonishingly few super-pure products because 

of separation difficulty. The surest thing is to deliver a super-pure 

efficient product but the radiochemist has a marked tendency not to do 

it. 

DR. SODD: Dr. Blau, I don't think you should knock that, because 

I think that spallation is going to put a lot of chemists back to work. 

DR. BLAU: O.K., but I laugh at the descriptive ease of getting 

things out of targets. 

DR. WELLMAN: Is iodine-123 the only one that doesn't really re

quire radiochemical separation? 

DR. O'BRIEN: I would say so. 

DR. WELLMAN: On the iodine-123, are you shipping it as the 

xenon? 

DR. O'BRIEN: No. 

DR. WELLMAN: When you say four times as much iodine-123, are 

you talking after it's decayed to iodine-123? 

DR. O'BRIEN: That is right. 

DR. WELLMAN: Does it include part of the xenon decay? 

DR. O'BRIEN: No. You only allow it to decay for one xenon-123 

half-life, and then remove the xenon and take what iodine-123 you have 

and ship that. 

DR. WELLMAN: Why do you have to do that? 

Dr. O'BRIEN: Because you make 17-hour xenon-125 and this decays 

to 60-day iodine-125. We want to minimize the presence of iodine-125. 
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DR. WELLMAN: I thought you were saying that you were only 

irradiating for a short period of time since you only make a small 

amount of the xenon-125. 

DR. O'BRIEN: Well, you realize in the yield equation for any 

radionuclide production you have a saturation factor which depends on 

the half-life of the isotope you are making. This means you build up to 

a saturation point, roughly 10 half-lives. At this point you are losing 

it as fast through decay as you are producing it. 

DR. BLUE: I think Dr. Wellman's question as you surmise was 

exactly right; the short irradiation is to keep the xenon-125 low 

enough. 

DR. WELLMAN: Are you using a short irradiation time, so you'd 

only have a small amount of xenon-125 in proportion to xenon-123? 

DR. O'BRIEN: That's correct. 

DR. WELLMAN: I didn't realize that you still had to separate the 

iodine-123 from the xenon. Do you still have to make another separation? 

DR. O'BRIEN: Well, let's say I make 10 curies of xenon-123 and 

1 curie of xsnon-125. Unlike fission reactions, you make about equal 

quantities, atom-wise, in spallation. Although there are equal atoms 

produced, the half-life difference makes about ̂ 6 times less of activity 

for xenon-125, assuming equal cross-sections. 

DR. WELLMAN: I always thought that the fact that you had made 

the xenon-123 first was that you could ship the xenon-123, and in ship

ment it was decaying into iodine-123, and this just added some to your 

shelf-life. 

DR. O'BRIEN: Well, you are also getting the xenon-125, which is 

decaying to the iodine-125 which we want to minimize. So what we are 

going to do is take 50 percent by letting the xenon-123 decay for two hours 

to iodine and then remove the xenon. That gives us a 50 percent yield of 

the iodine-123. Now by doing this we minimize the contamination of the 

iodinc-125. From the xenon fraction, you can recover, if you want, the 

iodine-125, which is useful in in vitro work. You can also keep the 

xenon-127, which has a 36-day half-life, and ideal energies between 
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175-205 keV which would be useful in a lung perfusion study. 

DR. WELLMAN: Can you get some usable fraction of xenon-127, 

too? 

DR. O'BRIEN: Yes. I don't have the numbers, but it is a sizable 

fraction on the order of a few curies. 

DR. WELLMW: If you had to work with xenon-133 and you began to 

realize how unsatisfactory it is compared to xenon-127, would you involve 

yourself with it? 

DR. O'BRIEN: It looks very promising. 

DR. SAENGER: Dr. Wellman, what is the purpose of all this 

conversation about xenon? 

DR. WELLMAN: Well, one of the usable radioactive gases we have 

in clinical medicine now is xenon-133 to evaluate the gas dynamics within 

the lung and to compare ventilatory characteristics of the physiology of 

the lung with the perfusion or the blood flow. This sort of comparative 

information can often times help us make diagnosis as to whether the 

problems in the lung are due to blood clots, that is, pulmonary embolism 

or whether we are primarily dealing with chronic obstruction disease; that 

is, disease of the air spaces of the lungs. But xenon-133 with a very low 

energy of 80 keV doesn't work well with the instrumentation we've got 

including the gamma camera. Xenon-127 would be a fantastic improvement on 

xenon-133 because it has an almost ideal energy between 180-200 keV. 

Furthermore, it might take away some of the disadvantages of xenon-133 in 

doing cerebral blood flow steps; namely, that xenon-133, with such a low-

energy has a great deal of absorption by the bony skull. So xenon-127 

would excite me a lot more than some of the other things. 

DR. SODD: I really feel iodine-123 is exciting, and I don't 

think iodine-125 is a problem because most of the xenon-125 is removed 

before it can decay to iodine-125, and then the iodine-125 that is produced 

has a 120-times longer half-life than the iodine-123. So that even under 

the worst conditions, you aren't going to make more than about 1 percent 

iodine-125. Also, since the photon energies of iodine-125 are only ~30 

keV they won't interfere with scanning. 
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DR. WELLMAN: It wouldn't hurt anything in terms of quality of 

the clinical procedures, but it does add to the radiation dose. 


