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Detection of high-energy particles at 
energies in the relativistic region is 
comparatively easy, and can be accom- 
plished by a large number of methods. 
On the other hand, identification of 
these particles, and especially the abil- 
ity to, seek out a specific particle, is 
considerably more difficult, and only a 
few detectors can achieve it. 

In the study of high-energy inter- 
actions, particles of various types are 
usually produced in ithe interaction proc- 
ess. To perform an experiment involv- 

ing a particular type of particle, one 
must be able to, select this particle and 
exclude all other particles which may 
be present. Such identification and se- 
lection of high-energy particles becomes 
increasingly difficult as the energy of in- 
teraction is raised. This is especially 
true when the particle energies involved 
reach the relativistic region. However, 
particle selection in high-energy experi- 
ments also. becomes more important as 
the interaction energy is raised, since 
more particles are produced and more 
types of particles are likely to be in- 
volved. In the case of an experiment 
where a "rare" particle is the object 
of the investigation, for example, one 
such particle is produced among a mil- 
lion others; the detector to be used 
here must possess a selectivity (gen- 
erally called a rejection ratio) of 
at least 10-7-that is, the ability to re- 
ject 107 undesired particles for each 
desired one. 

The detectors commonly used in 
high-energy investigations are cloud 
and bubble chambers, scintillation 
counters, Cerenkov counters, spark 
chambers, wire chambers, solid-state 
detectors, photographic emulsions, 
and others. These are all capable of 
detecting relativistic particles, but on- 
ly a few are able to identify and se- 
lect particles, especially in the relativ- 
istic energy region. A brief review is 
given here of those detectors which 
are capable of identifying (within cer- 
tain limitations) and detecting parti- 
cles in this region. 

Cloud and Bubble Chambers 

Cloud and bubble chambers are 
among the most widely used tools in 
elementary particle research. Since 
charged particles produce visible 
tracks when they traverse the medi- 
um of the chamber (gases are used 
in cloud chambers, and liquids in bub- 
ble chambers), they provide an ex- 
tremely useful means for observing 
the products of high-energy interac- 
tion processes. Usually the chamber 
is inserted inside a uniform magnetic 
field. By knowing the strength of the 
magnetic field, measuring the curva- 
ture of the particle track, and then 
counting the number of droplets in 
the ionized track, one can usually 
identify the particle which traverses 
the chamber. 

An outstanding feature of these 
chambers is their good space resolu- 
tion. With existing chambers, one can 
count on obtaining tracks 1 meter 
long or more. Sagittas of curved 
tracks can be measured in the cham- 
ber space with accuracies approach- 
ing 25 microns. The magnetic fields 
commonly used are of the order of 
20 kilogauss, an intensity sufficient 
for measuring the momentum along 
a 100-Gev track with accuracy of 3 
percent, but unsatisfactory for meas- 
urements at higher energies. The re- 
cent success in obtaining magnetic 
fields of 140 kilogauss with supercon- 
ducting coils may make it possible to 
measure a 500-Gev track with accu- 
racy about equal to the limit given by 
multiple coulomb scattering, although 
the angular measurements will not be 
correspondingly good. A liquid-hydro- 
gen bubble chamber 14 feet (4.2 
meters) in diameter, with a supercon- 
ducting magnet, is being designed at 
Brookhaven for use with the alternat- 
ing gradient synchrotron. With this 
bubble chamber the accuracy of mo- 
mentum measurements will be consid- 
erably increased, because of greater 
length of the tracks, and very much 
increased for the particles that stop 
in the chamber. An artist's sketch of, 

this chamber is shown in Fig 1, 
with a sketch of the present 80-inch 
(200-centimeter) bubble chamber at 
Brookhaven, drawn to the same scale. 
The value of a large chamber, such 
as the proposed 14-foot chamber, lies 
not only in its increased accuracy but 
also in the completeness of the infor- 
mation it affords about the events ob- 
served. A chamber of this size would 
be very useful with a super-high-en- 
ergy accelerator, such as the pro- 
posed 200-Gev or the 600- to 1000- 
Gev accelerator, especially if it were 
provided with a very strong magnetic 
field (for example, of the order of 
100 kilogauss). 

In bubble chambers, particle iden- 
tification is usually accomplished by 
gap counting (that is, counting the 
number of gaps between adjacent drop- 
lets caused 'by ionization along the 
track); in cloud chambers it is ac- 
complished by drop counting (count- 
ing the number of individual drop- 
lets). At very high energies in the 
relativistic region, determinations of 

y (~ 100) to an accuracy of about 
?10 percent for tracks about 1 meter 
long are possible in heavy liquids, but 
in liquid hydrogen the achievable ac- 
curacy is only about ? 30 percent. 
Here 

7y= (Vi - v2/c2)-l 

where v is the velocity of the parti- 
cle and c is the velocity of light. In 
cloud chambers, notably when they 
are filled with xenon, an increase in 
ionization of 40 percent over the min- 
imum rate has been observed at y = 

100, and of 70 percent at y = 300. 
Such an increase in ionization with 
increasing energy of the particle af- 
ter a minimum value at relativistic 
.energy (called minimum ionization) 
has been reached is known as the 
"relativistic rise" effect. A typical ioni- 
zation curve is shown in Fig. 2. By 
making use of the relativistic rise ef- 
fect in addition to the other measure- 
ments mentioned above, it would be 
possible to identify particles at very 
high energies when the value of y was 
in the neighborhood of several hun- 
dred, and perhaps even higher. 

Complete analysis of events of the 
type that can be carried out at lower 
energies will be very difficult at rela- 
tivistic energies, mostly because one 
must expect production of many neu- 
tral particles in addition to charged 
particles. Even in hydrogen, events 
will have to be treated statistically, 
rather than individually. Occasionally, 
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individual particles will be recogniza- 
ble. High-energy neutral particles de- 
caying into charged particles with 
very short decay times would be ob- 
servable. For a decay path of 2 milli- 
meters, a particle of hyperon mass 
with 1000-Gev energy has lived about 
10-14 second. Tlhus, while complete 
analysis of production events will not 
be possible, production characteristics 
and properties of individual particles 
may still be determined in a number 
of instances. 

The identification of specific relativ- 
istic particles in a bubble chamber 
can often be accomplished through 
modification of the chamber to ac- 
commodate various types of liquid or 
to incorporate metal plates inside the 
chamber. An example of this is the 
identification of the products of weak 
interaction events, either decays or 
neutrino interactions. Take a reaction 
such as 

+ -- + r+ + r- + ~+ 

where v is the antineutrino, /A+ is the 
positive muon, and so forth; it is es- 
sential to know which particle is the 
muon. It is also important to be able 
to tell whether electrons are produced 
by some types of neutrino inter'actions. 
All these identifications can be ac- 
complished by three particle-identifica- 
tion capabilities of a sufficiently large 
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bubble chamber (say, the 14-foot 
chamber being designed at Brookhav- 
en); these capabilities are, (i) the 
trapping of charged particles; (ii) the 
identification of electrons by means 
of heavy metal plates; and (iii) the 
observation of neutal decays over a 
wide momentum interval. 

Figures 3 'and 4 are typical bubble- 
chamber photographs of interesting 
events which are identifiable. Figure 
3 shows interactions of 5 Gev/c K- 
mesons. Figure 4 shows the produc- 
tion of a negative cascade hyperon, 
the S-, by an antiproton having mo- 
mentum of 3.7 Gev/c. 

Spark Chambers 

A spark chamber (1-3) generally 
consists of thin parallel conducting 
plates separated by small, and some- 
times by large, gaps. The chamber is 
usually filled with neon or argon gas; 
a high-voltage electric pulse is applied 
to the plates, causing an electric dis- 
charge, or spark, to occur when a 
high-energy charged particle traverses 
the chamber. 

A chamber operated with only two 
electrodes separated by a large gap 
-say, of the order of 50 centimeters 
-is generally known as a track spark 
chamber. If a track spark chamber is 

Fig. 1. Artist's sketch of 'the contemplated 14-foot ibubble chamber, with the present 
80-inch bubble chamber at Brookhaven shown for compa,rison. 
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Fig. 2. Ionization curve. 

operated with an electric field pulse of 
sufficiently high voltage to initiate 
short streamers along the path of a 
charged particle traversing the cham- 
ber, and if the pulse is of short 
enough duration to prevent the 
streamers from growing into a full- 
grown spark, the chamber is called a 
streamer chamber. 

A track spark chamber is usually 
used within a magnetic field; it is simi- 
lar to a bubble chamber and has cer- 
tain advantages and disadvantages. One 
distinct advantage of a track spark 
chamber is that it has a very fast 
time resolution, as compared with a 
bubble chamber, and is easily trig- 
gered; thus it can be used convenient- 
ly in experiments requiring scintilla- 
tion and Cerenkov counter systems 
for particle selection and other pur- 
poses. 

At present, streamer chambers seem 
to hold greater promise for detec- 
tion and identification of relativistic 
particles than other kinds of spark 
chambers. First, a streamer chamber 
has nearly isotropic sensitivity; second, 
ionization measurements can 'be made 
with more precision in a streamer 
chamber than in other types of cham- 
bers; and third, a large number of 
simultaneous tracks can be, detected. 
However, measurements of absolute 
ionization in streamer chambers lack 
the precision obtainable in a bubble- 
chamber. The ultimate limit in the 
momentum determination of a travers- 
ing particle in 1-meter streamer 
tracks in a magnetic field of 10 kilo- 
gauss is estimated to 'be 400 Gev/c 
(2, 4). 

Cerenkov Counters 

During the past two decades the 
most widely used and most accurate 
method for detecting and identifying 
charged particles in the relativistic 
region has been the appropriate utili- 
zation of the Cerenkov radiation. 
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A Cerenkov counter (5-7) can be 
constructed from any relatively trans- 
parent optical medium which pos- 
sesses an index of refraction greater 
than 1 in the region of the visible 
spectrum. Cerenkov radiation is emit- 
ted when a charged particle traverses 
the medium with a velocity, v, greater 
than the velocity of light, c, in the 
medium. The emitted photons are 
radiated along the elements of coni- 
cal surfaces of angle 0 relative to the 
direction of motion of the particle, 
where 0 is given by 

cos 0 - - (1) 

Here, /3 is the ratio !of the particle 
velocity to the velocity of light in a 
vacuum, and n(1p) is the optical index 
of refraction of the medium at the 
frequency v of the emitted photon. 

From Eq. 1 one can see that the 
detection of Cerenkov light sets a 
threshold for /3; that is, f/ > 1/n. There- 

Fig. 3. Photograph of interactions of K- 
mesons of momentum 5 Gev/c. 
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fore, particles with velocity 8/ < 1/n 
will not emit Cerenkov light, and a 
detector can easily be made with a 
radiator medium chosen for its appro- 
priate refractive index, n, so that only 
particles above the threshold velocity 
are detected. Such a Cerenkov detec- 
tor is called the threshold detector. 
For example, a threshold detector with 
a gas medium having, at normal pres- 
sure, a refractive index close to 1 is 
commonly used to detect only parti- 
cles of /8 - 1-that is, particles in the 
relativistic region. The threshold of 
this type of detector is generally not 
sharp enough to provide sufficient res- 
olution for the separation of particles 
with velocities close to each other. 
A focusing type of Cerenkov counter, 
also known as a differential Cerenkov 
counter, is most widely used; it has 
an exceedingly high resolution and is 
used to identify and separate particles 
with velocities very close to each 
other, such as are generally encoun- 
tered in the relativistic region. Figure 
5 is a schematic drawing of a typical 
focusing counter using a liquid-con- 
taining cell as radiator. 

A further example is that of a very 
useful counter employing carbon diox- 
ide gas as the radiator. Its optical sys- 
tem is so adjusted that Cerenkov 
radiations emitted at 0 = 5? are 
accepted. It consists of a spherical 
concave mirror having a focal length 
of 42 inches; a plane mirror, placed 
at 45?, for bringing the light out of 
the particle beam; and a specially 
shaped conical mirror for concentrat- 
ing the light transmitted by the annu- 
lar slit onto the photocathode of a 
photomultiplier tube. The angular res- 
olution, as defined by the annular slit, 
is 0.009 radian. The velocity resolu- 
tion of this counter is A/ 8 X 10-4. 
In order to improve the rejection 
ratio-the ratio of desired to unde- 
sired particles-the Cerenkov light 
emitted by the undesired particles as 
well as by the desired particles is col- 
lected simultaneously in the same 
counter. This light is collected in sep- 
arate channels, and the Cerenkov light 
from the desired particles is used in 
coincidence with signals usually de- 
rived from the other elements of a 
counter telescope, whereas the light 
from the undesired particles is used 
in anticoincidence with these signals. 
A typical analysis of a negative beam 
of momentum 8.5 Gev/c at a labora- 
tory production angle of -'4 3/4?, from 
the Brookhaven alternating-gradient 
synchrotron, is shown in Fig. 6. 

Since the limiting factor in the 
practical design of a focusing-type 
Cerenkov counter is the minimum in- 
tensity of the Cerenkov light detect- 
able over the noise background of 
the photomultiplier tube used, it is 
imperative to require a certain mini- 
mum detectable light output when 
varying the design parameters of the 
counter to achieve the maximum ob- 
tainable resolution. In a focusing type 
of Cerenkov counter, the velocity 
resolution is expressed by the equa- 
tion 

a0 _ 2 1 
- 1'n sin 0 (2) 

The velocity resolution is inversely pro- 
portional to sin 0, whereas the intensity 
of Cerenkov radiation per unit frequen- 
cy interval and per unit path length 
is proportional to sin2 0 and is given by 

d-2N 27Z2 -- - --- sin' 0 
dx dv 

- 
137c (3) 

where v is the frequency of emitted 
photons and Z is the ratio of the 
magnitude of the charge of the mov- 
ing particle to the magnitude of the 
electronic charge. In order to im- 
prove the resolution of a focusing 
counter, one must decrease the angle 
0, but then the intensity of the Cer- 
enkov radiation decreases much more 
rapidly with 0-that is, it decreases 
with sin2 0. 

Thus the usefulness of Cerenkov 
counters for identification and sep- 
aration of particles, because of in- 
tensity consideration alone, is lim- 
ited to experimental applications in 

Fig. 4. Production of a negative cascade 
hyperon, ~-, by an antiproton of 3.7 
Gev/c. 
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Fig. 5. Schematic drawing of !a Cerenkov counter. 
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Fig. 6. Spectrum of particles obtained in a gas differential 
Cerenkov counter. 

the energy region probably not ex- 
ceeding momentum of 200 Gev/c. 
There are other factors which may 
affect the ultimate resolution obtain- 
able in these counters, such as the 
dispersion effect in the medium and 
scattering of the particles (multiple 
Coulomb scattering and diffraction 
scattering). Corrections of the disper- 
sion effects in a gas differential count- 
er have been obtained (6-8) by 
means of special lenses, and resolu- 
tion has thus been increased by a fac- 
tor of - 20. At very high energies 
the scattering effect is very small, and 
in most applications it is not a seri- 
ous effect and can be ignored. 

Cerenkov Chambers 

As expressed in the simple relation 
of Eq. 1, the Cerenkov light is emit- 
ted at an angle 0 to the trajectory 
of a charged particle; the light in any 
one plane can be focused in the focal 
plane of a lens (see Fig. 7). The re- 
sultant image of the Cerenkov light 
appears as a circle because of opti- 
cal symmetry about the optical axis. 
The radius of such an image circle is 
related to 0 and the focal length of 
the lens, f: 

r-f tan 0 (4) 
7 OCTOBER 1966 

In a beam of particles, if all particles 
are parallel and traversing the medi- 
um in the same direction along the 
optical axis and with the same veloc- 
ity, then one will get a single ring 
image with a radius r. However, if a 
particle traverses the medium in a 
direction not parallel to the optical 
axis, but inclined to it at an angle 
8, the radius of the image ring is, to 
a first order, unchanged, but the cen- 
ter of the ring is moved off-axis by 
an amount 

d = f tan a 

If a light-sensitive mosaic screen is 
placed in the focal plane of the lens 
and is capable of detecting the posi- 
tion of the ring as well as the magni- 
tude of its radius, it is possible to 
determine not only the velocity of the 
particle but the direction of its tra- 
jectory also. However, since the inten- 
sity of the Cerenkov radiation is us- 

ually low, each element of light re- 
ceived on the screen is extremely 
weak and must be amplified enough 
so that accurate measurements of the 
velocity and direction of the travers- 
ing particle can be made. A detector 
of this kind was constructed recently, 
and measurements have been made of 
the velocities of protons of 5.8-Gev 
energy through detection of the ring 
images produced (9). A high-gain 
image-intensifier tube was used in the 
detection of the image ring. 

Figure 8 is a schematic diagram 
of such a Cerenkov chamber. The 
chamber consists of a gas-containing 
pressure vessel with a long flight tube 
along which the charged particle tra- 
verses the medium and emits Cerenkov 
radiation. The radiator used is a high- 
pressure gas having an index of re- 
fraction of -1.01 to 1.03. The light 
is deflected by a 45? mirror and then 
passes through a window and through 

Lens 

3 r-I ~ r=f tan 8 

Fig. 7. Cerenkov light rays. 
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a lens which focuses it into a ring 
image on the photocathode of the 
image intensifier. Figure 9 shows a 
ring image obtained in such a cham- 
ber with an accumulated signal from 
500 protons of 5.8-Gev energy. Fig- 
ure 10 shows the image from a single 
proton. 

The velocity precision obtainable at 
all the ring radii considered is ex- 
pressed as a standard deviation, 

.-.- ?2 X 10-4 

The precision with which the position 
of a ring, in terms of its central co- 
ordinates, can be measured varies 
from 3 to 9 milliradians, according 
to the different numbers of spots avail- 
able to define the ring. 

Relativistic-Rise Detectors 

The ionization produced by a 
charged particle traversing low-density 
media such as gases rises logarithmi- 
cally with increasing energy above the 
minimum ionization energy. This is the 
well-known relativistic rise (6, 7), and 
it can be seen in the equation 

dE 27rnz2e2 
dx - mv2 

[n 
(2mv2W.).-. 

-1 - 2u] (5) 

where dE/dx is the ionization loss of 
a particle of charge z in 'traversing 
a substance; n is the number of elec- 
trons per cubic centimeter in this 
substance; m is the electron mass; 
v is the velocity of the particle; f/ 

- 

v/c; I is the mean excitation poten- 
tial of the atoms of the substance; 
W,n,1x is the maximum energy trans- 
fer from the incident particle to the 
atomic electrons; 8 is the correction 
for the density effect due to the polar- 
ization ,of the medium; and U is a 
term due to the nonparticipation of 
the inner shells (K, L, . . .) for very low 
velocities of the incident particle. 

In the relativistic region, the de- 
nominator (1 - /32) in the logarithm 
term of Eq. 5 results in a logarithmic 
increase of dE/dx with increasing en- 
ergy. The relativistic rise is reduced 
in denser materials, such as solids, be- 
cause of the screening of the Coulomb 
field by the close packing of the 
atoms. This is known as the density 
effect. 

Since the identification of particles 
having energies extending well into 

128 

the relativistic region becomes more 
difficult with increasing energy, it is 
worthwhile to look into the possi- 
bility of making use of such a rela- 
tivistic rise effect for identification of 
the desired particles in this energy re- 
gion. 

From Eq. 5 one can easily see that, 
if the density effect is not present, -the 
separation of the ionization peaks due 
to the presence of two relativistic par- 
ticles of different mass but the same 
momentum is independent of the mo- 
mentum region of the particles. It is 
expected that this will apply to high- 
energy particles in the many-hundred- 
Gev region. 

There are several possible ap- 
proaches which look promising-for 
example, xenon scintillation counters, 
transition, radiation detectors, and sec- 
ondary-emission detectors. 

Xenon scintillation counters. Since 
xenon was found to be the best avail- 
able scintillating gas, a xenon gas-scin- 
tillation counter (6, 7) 1 meter long 
and wi,th a pressure of 1.5 atmospheres 
has been tested in a momentum-ana- 
lyzed secondary beam at the Brook- 
haven 33-Gev alternating-gradient syn- 
chrotron in coincidence with a counter 
telescope consisting of scintillation 
detectors and a focusing-type Ceren- 
kov counter. The pressure of the xen- 
on counter is low enough so that the 
"density" effect is negligible within the 
momentum range tested. Results ob- 
tained on the pulse-height distribu- 
tion of the signal output from the 
xenon counter as selected by the Cer- 
enkov counter (either pions or pro- 
tons) show the characteristic Landau 
distribution. The peak of the spec- 
trum for negatively charged pions with 
momentum of 12 Gev/c, shows a 
large increase in the ionization loss 
compared with that for negative pions 
with momentum of 7 Gev/c, and a 
clear separation of the two peaks is 
obtainable. Similar results, with a clear 
separation of the spectrum peaks, were 
also obtained for positively charged 
pions with momentum of 4 Gev/c 
(y - 30) and protons with momen- 
tum of 7 Gev/c (y 7). 

With an array of such gas count- 
ers-say, a ten-section scintillation 
train 30 meters in overall length filled 
with xenon at pressure of 1 atmo- 
sphere-pion-proton separation can be 
expected at momentum of 100 Gev/ c 
and perhaps at 200 Gev/c. 

Transition radiation detectors (1, 
10). The existence of transition radia- 

tion-that is, electromagnetic radiation 
emitted by a charged particle travers- 
ing the boundary between two media 
-was predicted as early as 1945 
(11). The electromagnetic field of a 
moving charge has an image field 
due to the presence of the boundary. 
When the charged particle moves to- 
ward the boundary, its electromagnet- 
ic field moves closer to its image 
field. At the instant the charged parti- 
cle crosses the boundary there is a 

Fig. 8. Schematic drawing of a Cerenkov 
chamber. 

Fig. 9. Photograph of a. Cerenkov ring for 
500 protons. 

Fig. 10. Photograph of a Cerenkov ring 
for 1 proton. 

SCIENCE, VOL. 154 



sudden collapse of the two fields, and 
this gives rise to a loss of energy. 
This loss of energy is in the form 
of electromagnetic radiation, which is 
known as transition radiation. 

The intensity per unit solid angle, 
dl/dfl, of the transition radiation for 
a particle of charge e and velocity c, 
incident normally on the ,boundary be- 
tween vacuum and a medium of com- 
plex dielectric constant E, is given by 
Eq. 6 (see below), where 0 is the angle 
of the radiation with respect to the 
normal to the boundary. The radiation 
is plane-polarized in the plane defined 
by the incident charged particle and 
the out-going photon. 

For nonrelativistic particles the in- 
tensity of the transition radiation is 
proportional to the kinetic energy of 
the particle. However, for relativistic 
particles the intensity is no longer a 
linear function of the particle energy, 
but is much more complicated. With 
certain approximations, Garibian (12) 
has evaluated Eq. 6 for the x-ray 
spectrum of the transition radiation. 
The main conclusions for the x-ray 
spectrum are as follows. 

1) The radiation is zero in the di- 
rection of the particle trajectory but 
increases extremely rapidly with a 
slight increase in angle and reaches 
a sharp peak in the radiation pattern. 

2) The yield in the number of 
photons is proportional to the square 
of the particle energy (y = E/mc2). 

3) The transition radiation is not 
affected by the density effect. 

For the optical spectrum of the 
transition radiation at relativistic en- 
ergies, the evaluation of Eq. 6 be- 
comes much more involved, and no 
clear-cut conclusion is yet available 
(13). 

Experimental observation of the 
transition radiation has 'been accom- 
plished both for nonrelativistic parti- 
cles (14) with a proton beam of en- 
ergy between 1 and 4.5 Mev, and 
for relativistic particles with relativis- 
tic electrons from a beta source as 
well as from high-energy muons in 
cosmic rays (1). 

The energy dependence characteris- 
tic of the transition radiation in the 
relativistic region (at least for the x- 
ray spectrum) suggests the possibility 
of using this radiation for measuring 
energies of relativistic particles. Un- 
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Fig. 11. Relativistic rise effect in a secondary emitter. 

fortunately, the intensity of the transi- 
tion radiation is extremely low, and 
for single-particle detection a large 
number of transition layers is neces- 
sary to produce enough photons for 
possible detection. Extensive studies 
are being made with both the optical 
spectrum and the x-ray spectrum in 
an effort to develop transmission-radi- 
ation detectors of simple charged par- 
ticles. 

Secondary-emission detectors. When 
a charged particle passes through a 
thin conductor, its electromagnetic 
field interacts with the atoms at the 
surface, causing secondary-emission 
electrons to be ejected from the sur- 
face. If the particle velocity reaches 
the relativistic region, then the elec- 
tromagnetic field contracts in the di- 
rection of motion of the particle but 
the field extends farther from the direc- 
tion of motion, hence causes more sec- 
ondary emission from elements of the 
surface farther away. This phenomenon 
is very similar to the relativistic rise in 
the ionization loss of a charged particle 
traversing a medium, except that it is 
entirely a surface effect and may be of 
a more complicated nature. 

Evidence showed (15) that a sec- 
ondary emission exhibits a relativistic 
rise when electrons impinge on thin 
metal foils. These results showed t,hat 
the secondary-emission current caused 

500 1000 

by an electron beam increases loga- 
rithmically with the electron energy 
between 40 Mev (v = 80) and 600 
Mev (v - 1200) (see Fig. 11). No 
density effect was evident, possibly be- 
cause a surface phenomenon is in- 
volved. Similar relativistic rise effects 
have also been observed in very thin 
scintillators (1). 

The main difficulty with this kind 
of detector was the extremely low ef- 
ficiency for secondary emisson at high 
energies of the material investigated 
prior to 1965. It was estimated that, 
in order to separate, at v - 50, a 
single pion from a muon, about 2000 
to 3000 secondary-emission foils would 
be needed for the best secondary- 
emitter material available at that time. 
Recently, Edgecumbe and Garwin 
(16) have found new materials, ap- 
propriately processed, which are ex- 
tremely good secondary emitters at 
high energies (- 500 Mev), with a 
remarkably high efficiency, hundreds 
of times higher than that obtainable 
with conventional material. The new 
materials tested include 'highly porous 
but very thin films of potassium chlo- 
ride, cesium iodide, and other com- 
pounds. Experimental tests in an elec- 
tron beam in the 500-Mev energy 
range showed a relativistic rise effect 
similar to the results obtained by 
Richter et al., as shown in Fig. 11. 
With the tremendous increase in sec- 
ondary-emission efficiency obtainable 
with the new materials, it is hoped 
that secondary-emission detectors can 
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be constructed to detect and identify 
individual charged particles at ultra- 
relativistic energies. 

A specially designed photomultiplier 
tube incorporating the new material 
as the secondary-emission cathode is 
being constructed for detailed studies 
of possible single particle detection. 

Conclusions 

It appears possible to extend the 
application of most of the existing 
detection techniques to the identifica- 
tion and separation of charged parti- 
cles in the relativistic energy region. 
One can probably extend these appli- 
cations, in certain limited cases, up 
to an energy region of several hun- 
dred billion electron volts. However, 
for general applications in the identi- 
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fication of particles in the ultrarelati- 
vistic region, the existing detectors are 
rather limited, and new methods 'and 
approaches are desirable. At present, 
detectors making use of the relativistic 
rise effect seem to show considerable 
promise. 
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To savor the pungency of the events 
about to be related, it is necessary 
to be mindful of ,the bruised condition 
of the two institutions that are central 
to the story. First there is the National 
Science Foundation, which has an in- 
stinct for trouble-avoidance derived 
from 15 years of congressional badger- 
ing, budget slashing, and allegations that 
NSF's clients have been living it up or 
pursuing esoteric nonsense at the tax- 
payers' expense. Then tthere is the aca- 
demic world's leading convalescent, the 
Berkeley campus of the University of 
California, where the fragile peace that 
ended nearly 2 years of debilitating 
strife is now being sniped at from the 
right by Ronald Reagan, the Republi- 
can candidate for governor. If adminis- 
trators at NSF and Berkeley are edgy 
and cautious, who can blame them? 

With this backdrop in place, it is 
time to introduce the central figure 
of the story, Stephen Smale, age 36, 
of the mathematical species known as 
differential topologist, and of the polit- 
ical species known as left-wing activist. 
Seven years ago Smale achieved an 
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enduring place in topology by develop- 
ing a theory for turning a sphere inside 
out without creasing it, let alone cutting 
it. But the matters that we are con- 
cerned with here relate to Smale's recent 
role in turning Berkeley and NSF in- 
side out, the former being the place 
where he holds a tenured professorship 
in mathematics, and the latter being the 
source of a $91,500 grant, which, as 
principal investigator, he shares with 
some 15 other mathematicians. Let us 
go back a bit and trace the complex 
train of events in the Smale affair. 

Despite his courteous mien, soft 
speech, !and scholarly dedication, Ste- 
phen Smale long ago became practiced 
in speaking out or acting on his con- 
victions when he doesn't like what's 
going on around him. In high school 
he agitated against a ban on teaching 
evolution. As an undergraduate at the 
University of Michigan, he was put on 
probation for refusing to cooperate 
in an investigation of a private dinner 
that was 'held for a speaker who had 
been barred from the campus. But 'along 
the way he was also, as the expression 
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goes, "doing mathematics" and mathe- 
matics of a most distinguished sort. In 
1961, an appointment to Columbia is 
said to have made him the youngest 
full professor on any major campus in 
the country. 

In 1964, Berkeley, the mecca of 
mathematics and academic political 
activism, beckoned, and Smale went 
west. He naturally was involved in the 
Free Speech Movement, and later went 
on to co-found the Vietnam Day Com- 
mittee, whose climactic act, last Octo- 
ber, was intended to be a demonstra- 
tion aimed at stopping troop trains. 
But, as Smale said in an interview with 
Science, he was deeply disappointed 
when the marchers did not attempt to 
cross the police cordons. "After all the 
buildup, the tactic of turning away left 
people feeling demoralized," he ex- 

plained. Motivated in part by disap- 
pointment over what he considered to 
be a lack of militancy among his Viet- 
nam Day Committee associates, Smale 
pretty much dropped out of the move- 
ment, and nothing was thereafter pub- 
licly heard of him until this past sum- 
mer. Then began a complex series of 
events that was to make Smale probably 
the best known topologist of all time. 

At the end of the last academic 
year, Smale, as is not uncommon in the 
academic community, embarked on an 
extensive work and vacation trip, the 
culmination of which, in his case, was 
to be the International Congress of 
Mathematicians, in Moscow, starting 16 
August. There he was ito deliver a 
paper and receive the Fields award, 
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