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8.“1 J. F. Dicello, M. Zaider, and J. N. Bradbury I
9.
10. Univeralty of California, Loa A.lamesScLsntif ic

I
11. Laboratory, Los Alams, New Mexico 87545 USA
12.
13. 1“
15.

Technological Improvements in accelerator design in the 1960’s resuLted in the
16.

L

capability to develop medium-energy proton accelerators with beam intensities of al-
17. .

These beams are able to produce fluxes of secondary particles, including
~8. pi%: ~;na, neutrinos, and neutrons, which are as much as 10,000 times as intense
19.
20.

●s those previously available. Those machinea built for optimum meeon production are

., couunonlycalled ❑ eson factories, The purpose of this paper is to briefly review the
‘L. characteristics of these facilities, the present programs in applied research, and
22” some potential araas of future work.
23. 1

?~. FACILITIES
!

~j.
26.

Thre are three meson factories now in operation. These are the LANPF linear

27.
accelerator [1] in Loa A2.amoa,New Nexico, the SIN cyclotron [2] in Villigan, Swltze.r-

,8 ● land, and the TRIUMF [3] cyclotron in Vancouver, Britieh Columbia. The charactcris-
;9. tic- of these accelerator are listed in Tabla 1.

I
30. TABLE I
31.
32. Characteristic of Pr~eent Meson

33.
3$. Deeign Present
35. us%. Average Operating Duty

I
!

Physics Facilities
\

Preeenc
Pion I

Biomed. Dose Rate
36. Facilicy Energy Current Current Cycle Facility in a liter Type
37. (NeV) (AA) (M) (rad/min)

;:“ IAl@F 800 900 500 7.5% Yea 15 linac. I
40. SIN 590 100 100 Cw1 Yea -1 2 cyclotron

:;. TRIUFIF
I

525 1003 100 Cwl Yes h cyclotron
. I

46. 2exietingchannel. New channel with pion therapy applicator near completion.
47.
66. 3400 WA at 450.NeV.

.

49.
j[). The synchrocyclotron at JINR, Dubna, USSR, ia being modified to produce higher
51. intenelty [4] a~clshould be operational in 1981. Theru is also a proton linac simL-
5~, lar tc LfWPF under construction.. The construction of a sixth facility irlJapan 1s
5J. under consideration [S,61.
5L.

I‘;:L-------------------- ----------------------------------------------
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1 .%-tiIW APPLILiTIONS
I 1

i“
The advent of meson-producing a=eleratora has resulted in ❑uch work which has ;

~ “~practical applicecion, ranging from the developunt of impr~ed ❑egavoltage therapy

5
:~chines [71 eo the treatment of cov-eye tumors with hyperthermia [8]. This paper ~

6 ,i
reviewe some of tha more promising programs which are related solely to the existence

7.

I

f theme apacific accelaratora.
.
. ROTONS:RADIOISOTOPES

;.

10
Generally. about one-half of the primary beam remains after passing through the

~l”~roduction targets with a relatively small decrease in energy. The high energy and

1+“lintensLcy are ideally euited for producing large quantities of neutron deficien: iao-Li.
13.
lL.
15.
16,
17,
16.
19.
20.
2:.
‘I?---
23.
24,
25.
26.
27.
28,
29.
30,
31.
32a
33.
3ba
35,
36~
378

opaa of small cross sections and/or short lifetimes. Table II llSCS some radioiso-

opae being produced along with their applications. Meny ocher radioisotopes can

lso be produced ‘-nuseful quamtfties.

TABLE II

Some,Radioisotopes Presently Under

Product Half-Life

22~a (2.6 y)

a afi (7.3x lo~y)

b“Ti+ 4bSc (4 h)

s2~e (8 h)
s2pe + 52m (21 rein)

77Br (57 h)

77Br + 77mSe (17 r3ec)

‘2Sr + 82Rb (75 see)

lzs~e+ 1231 (13 h)

12 7X= (36 daya)

,
Production !

Une

Positronium Studies

Geochemical Tracer

Bone-Scanning Agent

Brain Scan

Myocardial Studies

Pharmaceutical Labeling

Infant Blood Flow

Blood Dynamlca,
Infarct Studies,
Ranal Function

Thyroid Imaging

Pulmonary Studies

39.
.

An. Tha potential advantages of negative pions in cancer therapy include a reduced
-,”.

}

L1. oxygen effect and better dose localization as compared to x rays. Program9 to in-

hz. estigate these advantages are now in progress at all facilities. This irlcludesthe

43, phyaLcal [9] and biological [10] characterization of the interaction of pion5 in
44, tissue. Only at Loa Alamos la the dose rate (-15 rad/min in a liter) sufficient at
450 this time for human studies.
L,. ]tatic akin nodules in 1974.

Kligunnan at al. [111 began clinical studies of metas-
As’of Nay 1979, 93 patients :mve been treuted. The-.,.,

447. locations of the tumors included, in ~ddition to the ekin netastnsea, brain, head and

4s., eck, breast, lung, Frostate, and pancreas [12]. Stage 111 randomized trials will

~y,ibegin shortly. i

t

N. NONS . .!’
51.
5X. Mxrnic X-RCIVAnalysis (HXA) - Negative muons, in the s:lmemanner as negative ‘ ,

can be capturud by a nucleus to form a muonic ator~;53mip10nS~ x-rnys are emitted as the

~:,jmuon cascadea to lower energy levels.
I

The practical appliciItionsCroup at.LMIPF is

55. studying muonic x-ray measurements for the nondestructive elemental analysp.s of bulk
~,,h!materiala[13]. Some analyses have bwen dune with sumples containing carbun, nitro-

/Scn, and oxygen .[14]. The MM techni.que.Jas P fairl.Y high detection.limft. o!.A._fsw..-
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‘ “;e;t~s of a percent by weight, but it is unique in that it iS sensitive to all ele-

?

2 “meritsexcept hydrogen and is applicable to large samples without special preparation.
3 .Because of the low doses required, it could be applied to living organisms.~,

.
Muon Spin Rotation @R) - Muons are leptons of spin 1/2 which decay into e*

; .’(,;for P-) plus a neutrino and an ancineutrino. The behavior of #uons in matter can be

7 ‘studiedby observing the e+ or e- emitted from a sample. Such processes as diffusion
“t

8 .?f radicals, trapping, and chemical reaction rates can be studied [15] in a manner

9 .~analogousto nuclear magnetic resonance (NNR). The use of M-SR is similar to NMR
l~owith an impurity of (Z-1) atomic number, except that it can be implanted in the sample
11.nondestructively and it has a different size and magnetic moment distribution [16].
12.:Theuse of P+SR is comparable to investigations with a hydrogen isotope with a ms:s
13.one-ninth that of a proton [16].

13r+ :or hydrogen

One unique applicai.ion,then, may be substituting
in biological materials (e.g., DNA mol.ecules)[17].

13.)WIJTRONS
16.!
~~. These proton accelerators are potentially the most intens? source of neutrons
l:,.iexceptfor thermonuclear explosions.

!Z:~~Y;d;~lXi;j~Zco;n 1979

The neutron facility (kNR? at LAMPF [18]
5 x 1014 n/s (tantalum target) whicl will increase to about

. A storage ring,which is a device for storing and bunching
~l.’protonpulses, will increase the instantaneous flux (but not the average) by a factor
Lc.iof 10C4.

23.i By a suitable chiticeof target ;..ndmoderator materials, neutron spectra from the
2.’4,~t,ltra-coldregion (< 5 meV) thro~gh the high energy region ( < 800 NeV) are avail-

J5.Iable.
:(,.! These facilities are ideally suited for materials analyses and radiation d~w{jge
~i.’studiesincluding, for example, neutron scattering from polymers and chromatin [191.

CCELERATOR DEVELOPMENT

Typical costs for construction of a medium energy physics facility have been in
xcess of $50 million; however, all of these machines were built primarily for basic
esearch in physics. Recent research in accelerator design [2Jj ]ss lead to consider-
ableimprovement in reliability and efficiency. A biomedically dedicated accelerator
incorporatingthese innovations should cost considerably less than previous machines.

Figure 1 shows a schematic representation or ~he PIGNI accelerator, under devel-
~pmentat Los Alamos. Such an accelerator for producing pions would cost approxi-
~tely $10 million. A less energetic version could be used as a neutron source at
tuchless cost. -.. -

“(>T

MAJOR TECHNICAL IXSOV/\T1OSS-—.

Higher Frequency Permanent-Magnetic Qumlrupoles
Higher Gradient Disk & Washer Linac Stru..cure
Al~crnating Phusc Focusinfi RF Manifold
Lower Injection Energy Distributed
Double Harmcnfc Buncher Control

Fig. 1 A schematic representation of the
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Tha authors are indebted” to our colleague who Buppliad information for thie ~
talk. Included are members of LASL, University of New Mexico, SIN and TRIUMF. Wa
nre also grataful to members of Hamamatsu University, Kyushu University, the National
Institute of Radiological Sciences in Japan, and Nihon University. We acknowledge
the help received from Stanford University, Tokai University, University of Tokyo and
~eukuba University.
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