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Tools:

• Cloud chambers

First Particles from Cosmic Rays (1930-1940)

• Photographic emulsions

Invented by C.T.R. Wilson 
in 1911, filled with super-
saturated vapour



C. D. Anderson 9

10 Ref. 1.3: Discovery of the Positron
Phys. Rev. 43 (1933) 491

PoS(ICRC2023)337

Carl Anderson´s 1932 upward going positron Per Carlson

I

Carl Anderson at the magnet cloud chamber. The 800 turns of 1 cm Cu-
tubing carried both an electrical current of up to 1600 A and cooling water, 
150 litres per minute. A dc generator in the basement of the Aeronautics 
building (today Guggenheim building) at Caltech delivered up to 600 kW 
giving a strong magnetic 'eld of up to 2.4 T. In front of Anderson the camera 
is visible. Photo: Carl D. Anderson papers, Caltech Archieves, California Institute of 

Technology

The 6 mm lead plate 

When the magnet cloud chamber came into operation in October 1931 photos showed many 

positive particles whose mass seemed to be too small to be protons. At the time only protons 

and electrons were known. Anderson recalls [3] :

  “...these particles were either ordinary electrons moving upward, or some unknown 

    lightweight particles of positive charge moving downward. In the spirit of scientific

    conservatism, I tended at first toward the former interpretation, namely, that these

    particles were upward-moving negative electrons. This led to frequent discussions

    between the Chief and myself, in which he repeatedly pointed out that cosmic ray

    particles travel downward, and not upward, except in extremely rare instances, and 

    that these particles must be protons.“

To resolve his apparent paradox, Anderson inserted across the center of the cloud chamber a 6   

mm lead plate, an experimental ingenuity. Particles passing through the plate would loose 

energy and the direction, upward or downward, could be determined.

The discovery 

In the evening of August 2, 1932, the well-known photo of the 63 MeV positron was obtained.

Anderson writes in his Log book: ”Track 75. Thru Pb showing energy change or double 

ejection”. Ionization measurements clearly showed the particle to be of  low mass compared to a

proton and with an energy of 63 MeV loosing 40 MeV in the lead plate exiting with an energy 

of 23 MeV. Anderson published his discovery in Science on 9 September 1932 [4]. His result 

3

Carl Anderson at the magnet cloud chamber 
Credits: Caltech Archives
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Tools

• (Synchro)cyclotrons and 
Synchrotons

Resonances at Colliders (1950-1960)

• Bubble Chambers

The 6 GeV proton synchrotron (Bevatron) at UC Berkeley in 1954

Invented by Glaser in 
1953, filled with a super-
heated liquid

30-cm bubble chamber at CERN



LETTERS To THE EDITOR

produced in pairs by the decay of the neutral pions, the cross
sections for the processes (1) and (2) would be (10+4)X10 ~' and
(20&5)X10 " cm'. The cross section obtained for the charge
exchange process is not very sensitive to the angular distribution
adopted. It would be (29+7)&10 2' cm' for a cos'8-distribution
and (18~4))&10 "cm' for a sin'H-distribution.
+ Research sponsored by the ONR and AEC.
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TABLE I. Total cross sections of positive pions in hydrogen.

Energy (Mev}
56+8
82 +7
118+6
136+6

Cross section(10» cm«}
20 +10
50+1391+ 6
152~14
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H. L. ANDERsoN, K. FERMI, E. A. LoNG, t AND D. E. NAGLE
Institute for Nuclear Studies, University of Chicago,

Chicago, Illinois
(Received January 21, 1952}

" "N a previous letter, ' measurements of the total cross sections of.. negative pions in hydrogen were reported. In the present letter,
we report on similar experiments with positive pions.
The experimental method .and the equipment used in this

measurement was essentially the same as that used in the case of
negative pions. The main difference was in the intensity, which for
the positives was much less than for. the negatives, the more so
the higher the energy. This is due to the fact that the positive
pions which escape out of the fringing field of the cyclotron
magnet are those which are emitted in the backward direction
with respect to the proton beam, whereas the negative pions are
those emitted in the forward direction. The difficulty of the low
intensity was in part compensated by the fact that the cross sec-
tion for positive pions turned out to be appreciably larger than
for negative pions. The results obtained thus far are summarized
in Table I.
In Fig. 1 the total cross sections of positive and negative pions

are collected. It is quite apparent that the cross section of the
positive particles is much larger than that of the negative par-
ticles, at least in the energy range from 80 to 150 Mev,
III this letter and in the two preceding ones, 's the three

processes: (1) scattering of positive pions, (2) scattering of nega-
tive pions with exchange of charge, and (3) scattering of negative
pions without exchange of charge have been investigated. It
appears that over a rather wide range of energies, from about
80 to 150 Mev, the cross section fog process (1} is the largest,
for process (2) is intermediate, and for process (3) is the smallest.
Furthermore, the cross sections of both positive and negative pions
increase rather rapidly with the energy. Whether the cross sections
level o8 at a high value or go through a maximum, as might be
expected if there should be a resonance, is impossible to determine
from our present experimental evidence.
Brueckner' has recently poin'ed out that the existence of a

broad resonance level with spin 3/2 and isotopic spin 3/2 would
give an approximate understanding of the ratios of the cross
sections for the three processes (1), (2), and (3). We might point
out in this connection that the experimental results obtained to
date are also compatible with the more general assumption that in
the energy interval in question the dominant interaction re-
sponsible for the scattering is through one or more intermediate
states of isotopic spin 3/2, regardless of the spin. On this assump-
tion, one finds. that the ratio of the cross sections for the three

150

FIG, 1. Total cross sections of negative pions in hydrogen (sides of the
rectangle represent the error) and positive pions in hydrogen (arms of the
cross represent the error}. The cross-hatched rectangle is the Columbia
result. The black square is the Brookhaven result and does not include the
charge exchange contribution.

processes should be (9:2:1),a set of values which is compatible
with the experimental observations. It is more difficult, at present,
to say anything specific as to the nature of the intermediate state
or states. If there were one state of spin 3/2, the angular distribu-
tion for all three processes should be of the type 1+3cos'8. If
the dominant effect were due to a state of spin 1/2, the angular
distribution should be isotropic. If states of higher spin or a mix-
ture of several states were involved, more complicated angular
distributions would be expected. We intend to explore further
the angular distribution in an attempt to decide among the
various possibilities.
Besides the angular distribution, another important factor is

the energy dependence. Here the theoretical expectation is that,
if there is only one dominant intermediate state of spin 3/2 and
isotopic spin 3/2, the total cross section of negative pions should
at all points be less than (8/3)mX~. Apparently, the experimental
cross section above 1SO Mev is larger than this limit, which indi-
cates that other states contribute appreciably at these energies.
Naturalty, if a single state were dominant, one could expect that
the cross sections would go through a maximum at an energy not
far from the energy of the state involved. Unfortunately, we have
not been able to push our measurements to sufficiently high ener-
gies to check on this point.
Also very interesting is the behavior of the cross sections at

low energies. Here the energy dependence should be approxi-
mately proportional to the 4th power of the velocity if only states
of spin 1/2 and 3/2 and even parity are involved and if the pion
is pseudoscalar. The experimental observations in this and other
laboratories seem to be compatible with this assumption, but the
cross section at low energy is so small that a precise measurement
becomes difficult.
+ Research sponsored by the ONR and AEC.

. t Institute for the Study of Metals, University of Chicago.
I Anderson, Fermi, Long, Martin, and Nagle, Phys. Rev. , this. issue.
«Fermi, Anderson, Lundby, Nagle, hand Yodh, preceding Letter, this

issue, Phys. Rev.
«K. A. Brueckner (private communication}.

Conductivity of Cold-Worked Metals*
D. L. DEXTER

Depart«nent of Physics, University of Illinois, Urbana, Illinois
(Received January 17, 1952}

~HE change in the electrical conductivity of a metal upon
cold-working was first calculated by Koehler, ' on the as-

sumption that the change is primarily due to the dislocations
themselves (rather than associated clusters of vacancies, for
example). The scattering potential he used was the difference in

Phys. Rev. 85 (1952) 936LETTERS To THE EDITOR

produced in pairs by the decay of the neutral pions, the cross
sections for the processes (1) and (2) would be (10+4)X10 ~' and
(20&5)X10 " cm'. The cross section obtained for the charge
exchange process is not very sensitive to the angular distribution
adopted. It would be (29+7)&10 2' cm' for a cos'8-distribution
and (18~4))&10 "cm' for a sin'H-distribution.
+ Research sponsored by the ONR and AEC.
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we report on similar experiments with positive pions.
The experimental method .and the equipment used in this

measurement was essentially the same as that used in the case of
negative pions. The main difference was in the intensity, which for
the positives was much less than for. the negatives, the more so
the higher the energy. This is due to the fact that the positive
pions which escape out of the fringing field of the cyclotron
magnet are those which are emitted in the backward direction
with respect to the proton beam, whereas the negative pions are
those emitted in the forward direction. The difficulty of the low
intensity was in part compensated by the fact that the cross sec-
tion for positive pions turned out to be appreciably larger than
for negative pions. The results obtained thus far are summarized
in Table I.
In Fig. 1 the total cross sections of positive and negative pions

are collected. It is quite apparent that the cross section of the
positive particles is much larger than that of the negative par-
ticles, at least in the energy range from 80 to 150 Mev,
III this letter and in the two preceding ones, 's the three

processes: (1) scattering of positive pions, (2) scattering of nega-
tive pions with exchange of charge, and (3) scattering of negative
pions without exchange of charge have been investigated. It
appears that over a rather wide range of energies, from about
80 to 150 Mev, the cross section fog process (1} is the largest,
for process (2) is intermediate, and for process (3) is the smallest.
Furthermore, the cross sections of both positive and negative pions
increase rather rapidly with the energy. Whether the cross sections
level o8 at a high value or go through a maximum, as might be
expected if there should be a resonance, is impossible to determine
from our present experimental evidence.
Brueckner' has recently poin'ed out that the existence of a

broad resonance level with spin 3/2 and isotopic spin 3/2 would
give an approximate understanding of the ratios of the cross
sections for the three processes (1), (2), and (3). We might point
out in this connection that the experimental results obtained to
date are also compatible with the more general assumption that in
the energy interval in question the dominant interaction re-
sponsible for the scattering is through one or more intermediate
states of isotopic spin 3/2, regardless of the spin. On this assump-
tion, one finds. that the ratio of the cross sections for the three
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rectangle represent the error) and positive pions in hydrogen (arms of the
cross represent the error}. The cross-hatched rectangle is the Columbia
result. The black square is the Brookhaven result and does not include the
charge exchange contribution.

processes should be (9:2:1),a set of values which is compatible
with the experimental observations. It is more difficult, at present,
to say anything specific as to the nature of the intermediate state
or states. If there were one state of spin 3/2, the angular distribu-
tion for all three processes should be of the type 1+3cos'8. If
the dominant effect were due to a state of spin 1/2, the angular
distribution should be isotropic. If states of higher spin or a mix-
ture of several states were involved, more complicated angular
distributions would be expected. We intend to explore further
the angular distribution in an attempt to decide among the
various possibilities.
Besides the angular distribution, another important factor is

the energy dependence. Here the theoretical expectation is that,
if there is only one dominant intermediate state of spin 3/2 and
isotopic spin 3/2, the total cross section of negative pions should
at all points be less than (8/3)mX~. Apparently, the experimental
cross section above 1SO Mev is larger than this limit, which indi-
cates that other states contribute appreciably at these energies.
Naturalty, if a single state were dominant, one could expect that
the cross sections would go through a maximum at an energy not
far from the energy of the state involved. Unfortunately, we have
not been able to push our measurements to sufficiently high ener-
gies to check on this point.
Also very interesting is the behavior of the cross sections at

low energies. Here the energy dependence should be approxi-
mately proportional to the 4th power of the velocity if only states
of spin 1/2 and 3/2 and even parity are involved and if the pion
is pseudoscalar. The experimental observations in this and other
laboratories seem to be compatible with this assumption, but the
cross section at low energy is so small that a precise measurement
becomes difficult.
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~HE change in the electrical conductivity of a metal upon
cold-working was first calculated by Koehler, ' on the as-

sumption that the change is primarily due to the dislocations
themselves (rather than associated clusters of vacancies, for
example). The scattering potential he used was the difference in
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Pion-Nucleon scattering 
at Chicago Cyclotron π+p → π+p

π−p → π−p, π0n

The first resonance: (1232) in  scatteringΔ πN
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very few Z' configurations can fit the Amp reac-
tions.
2. The events of group (e) when treated as Zamn

reactions give a g' distribution which is much
worse than that obtained when they are treated as
Agg reactions.
In what follows, the 141 events of groups (d)

and (e) are treated as examples of reaction (1).
We estimate that 10 to 15% are actually Z~ events.
The energy distribution of the two pions in the

X -P barycentric system is shown in Fig. 1. If
the cross section were dominated by phase space
alone, the distribution of the points on the two-
dimensional plot of Fig. 1 should be uniform.
This is clearly not the case. On the contrary,
both the m+ and the z- distributions have peaks
near 285 Mev, such as would be expected from
a quasi-two-body reaction of the type

Z +p r*~+m+, (2)

the Y having a mass spectrum peaking at-1380
Mev. 8 the F of mass 1380 Mev breaks up ac-
cording to

-A'+ m~,

the pions from this breakup are expected to have
energies ranging from 58 to 175 Mev tn the K p

rest system. Those pions from (8) are well sepa-
rated from the pions arising from reaction (2) in
the energy histograms.
The isotopic spin of this excited hyperon must

be one, since it breaks up into a A and a w. Since
the F is produced with a pion, also of isotopic
spin one, the reaction could proceed either in
the l=0 or the I= 1 state. Therefore the ratio of

to Y'* will depend on the relative magnitude
and phase of the two isotopic-spin amplitudes and
thus could differ from unity. We observed 59 F*+
events and 82 1' events, using the criterion for
separation that the high-momentum g meson is
the pion from reaction (2).
Figure 2 shows the distribution in mass of the

F* state (both Y and I' ) including all 141
events, again using the higher energy pion in
each event to calculate the Y* mass. The experi-
mental uncertainty in the mass for each event is
small compared to the observed width of the
curve. The curves of Fig. 2 are discussed later.
Figure 3 shows production angular distributions

for I'* and Y'* in the K p rest system. Partial
waves with l & 0 appear to be present, as would
be expected since hk jmvc approximately equals 3.
The difference between the K*+ and Y* angular
distributions may reflect the different superposi-

I I I I I t I I I I I ) I I I
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FIG. 1. Energy distribution of the
two pions from the reaction E +p
A+7t++x . Each event is plotted only
once on the Dalitz plot, which should
be uniformly populated if phase space
dominated the reaction. The two en-
ergy histograms are merely one-
dimensional projections of the two-
dimensional plot, and each event is
represented once on each histogram.
The solid lines superimposed over
the histograms are the phase-space
curves.
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 resonance in  scatteringΣ(1385) K−p → Λπ+π−
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by an isotropic statistical model" normalized. to
a total cross section' ' of 50 p,b is also shown in
Fig. 1.
Qualitatively, our results agree rather well

with Drell's model, although the experimental
cross sections are in general considerably larger
than those calculated from Eg. (3), and do not
show any decrease at the smallest angle meas-
ured. One should perhaps not expect a better
quantitative agreement since Drell's diagram of
Fig. 3 is not the only one leading to pion pair pro-
duction, and other relatively small amplitudes
may produce appreciable effects by interference
with the Drell term.

*This work was supported in part by the U. S.
Atomic Energy Commission.
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Phys. Bev. 119, 1710 (1960).
4J. I. Vette, Phys. Rev. 111, 622 (1958).
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Lawrence Radiation Laboratory and Department of Physics, University of California, Berkeley, California
(Received October 31, 1960)

We report a study of the reaction

+P A'+ s++ s
produced by 1.15-Bevjc K mesons and observed
in the Lawrence Radiation Laboratory's 15-in.
hydrogen bubble chamber. A preliminary report
of these results was presented at the 1960 Roch-
ester Conference. ' The beam was purified by
two velocity spectrometers. ' A =0 hyperon ob-
served during the run' and the preliminary cross
sections' for various K reactions at 1.15 Bevjc
have been reported previously. Reaction (1) was
the first one selected for detailed study, because
it appeared to take place with relatively large
probability and because the event, a 2-prong inter-
action accompanied by a V, was easily identified.
In a volume of the chamber sufficiently restricted
so that the scanning efficiency was riear 100%%u&,

255 such events were found. These events were
measured, and the track data supplied to a com-
puter which tested each event for goodness of fit
to various kinematic hypotheses. The possible re-
actions, the distribution of events, and the corres-
ponding cross sections are given in Table I. An
event was placed in a given category of Table I if

Table I. Distribution of events among different re-
actions.

Reaction

No. of Cross
events section

(mb)

(a) K +p Eo+p+x
(b) E +p (A or Zo)+n++m +x~

(c) E +p Zo+x++m

(d) K +p A+7t++m

(e) X +p ~ (A or Z o) + 7t++ m

Total

48

92

255

2. 0 +0.3
1.1+0.2

7.2 +0.5

the X' probability for the other hypotheses was
& I%%uo. It appears likely that the majority of the
events in group (e) are also reactions of type (1).
This belief is based on the following arguments:
1. Since the kinematics of a Amw fit (four con-

straints) are more overdetermined than those of
a Z'ss fit (two constraints), it is relatively easy
for a Arm reaction to fit a Zom~ reaction, but only

520

Phys. Rev. Lett. 5 (1960) 520
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Table I. Ratios of final states.
80-

70-

60-
Uj
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Ij& 40-
0Z

7T' + p
vr+p

77 + p + 7T

77 + & + 7T ~ ~+n

z x'P

I=2

4/s

Experiment
(&-400 Mev/c)

1.7 +0.3

& 0.25 +0.25
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FIG. l. The angular distribution of the nucleons from
the processes m +P~m +7I +p and m +p~7I +n++n.

Leipuner 14-in. H, bubble chamber. The pions
were guided into the chamber by another bending
magnet. The measured momentum was 1.89 + 0.07
Bev/c.
Events selected for measurement were taken in

a fiducial volume of the chamber. The forward-
going track was required to be at least 10 cm
long. Measurements were made on a digitized
system and the output was analyzed by use of an
IBM-704. The events were analyzed by means
of a program based on the "Guts" routine written
by members of the Alvarez bubble chamber group.
Figure 1 shows the combined angular distribu-

tion for the nucleons from the two processes, m

+p-m +v'+p and v +p m +v++n, which appear
to be identical within statistics. The results in-
dicate a large number of events with small mo-
mentum transfer to the nucleons.
We concentrate our interest on those events

with small momentum transfer since these events
satisfy the qualitative criterion of being examples
of g-g collisions. Somewhat arbitrarily, we cen-
ter our attention on cases in which the momentum
transfer to the nucleon is less than 400 Mev/c.
Table I gives the ratios of the three possible final
states m w+n, m m'p, and m'm'n, assuming the m-m

scattering to be dominated, respectively, by the
I=O, 1, 2 scattering states of the m-m system.
The experimental results in the last column in-

dicate a strong domination by I=1 state. For the
I=1 state the basic g-w scattering cross sections
o(w m' m m') and a(m w+~w m ) are equal.

4 5 400 Mev/c
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FIG. 2. The combined mass spectrum for the z z
and x ~+ system. The smooth curve is phase space
as modified for the included momentum transfer and
normalized to the number of events plotted. Events
used in the upper distribution are not contained in the
lower distribution.

The nucleon four -momentum transfer spectrum
seems to be in qualitative agreement with the
theory for the process in which a z is knocked
out of the cloud. Figure 2 shows ideograms for
the mass spectrum of the di-pions for cases with
6 - 400 Mev/c and b. &400 Mev/c, where b. is the
four-momentum transfer to the nucleon. The curve
for b, (400 Mev/c clearly shows a peak at 765
Mev/c. In the ideogram for b, &400 Mev/c the
peak is still present but seems to be smeared to
higher values of the di-pion mass, m*. One wor-
ries that diagrams other than the one involving
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& 0.25 +0.25

20-

I 0- r L
-I.O -.8 -.6 -.4 -.2 0 .2

cos BN

I I I

.4 .6 .8 I.O

FIG. l. The angular distribution of the nucleons from
the processes m +P~m +7I +p and m +p~7I +n++n.

Leipuner 14-in. H, bubble chamber. The pions
were guided into the chamber by another bending
magnet. The measured momentum was 1.89 + 0.07
Bev/c.
Events selected for measurement were taken in

a fiducial volume of the chamber. The forward-
going track was required to be at least 10 cm
long. Measurements were made on a digitized
system and the output was analyzed by use of an
IBM-704. The events were analyzed by means
of a program based on the "Guts" routine written
by members of the Alvarez bubble chamber group.
Figure 1 shows the combined angular distribu-

tion for the nucleons from the two processes, m

+p-m +v'+p and v +p m +v++n, which appear
to be identical within statistics. The results in-
dicate a large number of events with small mo-
mentum transfer to the nucleons.
We concentrate our interest on those events

with small momentum transfer since these events
satisfy the qualitative criterion of being examples
of g-g collisions. Somewhat arbitrarily, we cen-
ter our attention on cases in which the momentum
transfer to the nucleon is less than 400 Mev/c.
Table I gives the ratios of the three possible final
states m w+n, m m'p, and m'm'n, assuming the m-m

scattering to be dominated, respectively, by the
I=O, 1, 2 scattering states of the m-m system.
The experimental results in the last column in-

dicate a strong domination by I=1 state. For the
I=1 state the basic g-w scattering cross sections
o(w m' m m') and a(m w+~w m ) are equal.

4 5 400 Mev/c
I04 Events

0 = One Event

765

1. p+7T+ 7F
n+~-+ 71+

150-

IOO-
C

Phase Space

O 50-

I-
Mz
UJ

z 250

200-

lK l50-

» 400 Mev/c

274 Events
0 = One Event

765

Phase Space

I 00-

50-
1

I

200 400 600 800
N IN MEV

I000 I200

FIG. 2. The combined mass spectrum for the z z
and x ~+ system. The smooth curve is phase space
as modified for the included momentum transfer and
normalized to the number of events plotted. Events
used in the upper distribution are not contained in the
lower distribution.

The nucleon four -momentum transfer spectrum
seems to be in qualitative agreement with the
theory for the process in which a z is knocked
out of the cloud. Figure 2 shows ideograms for
the mass spectrum of the di-pions for cases with
6 - 400 Mev/c and b. &400 Mev/c, where b. is the
four-momentum transfer to the nucleon. The curve
for b, (400 Mev/c clearly shows a peak at 765
Mev/c. In the ideogram for b, &400 Mev/c the
peak is still present but seems to be smeared to
higher values of the di-pion mass, m*. One wor-
ries that diagrams other than the one involving

629

The   (predicted by Nambu and by Frazer, Fulco)ρ
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a relatively quiescent period of solar activity and
could be developed normally. It exhibits essenti-
ally the same frequency of terminating Z & 6 par-
ticles as the balloons launched at 55'N, and the
tracks enter isotropically. A comparison of the
two satellite exposures indicates that during the
3+ flare the flux of Z ) 6 particles capable of
terminating in the detectors increased about 100-
fold. The greater part of the 900+ 300 ec ' day '
termination frequency is due to the Z = 6~ 2 group.
If we assume that our low-magnification esti-
mate' of 13+ 3 ec ' day-' applies to the more
conspicuous tracks of Z ) 10, then the M/H ratio
during a flare is -70 as compared with a value
of 3 for the galactic heavy primaries. The large
uncertainty in the Z ~ 6 population is not statisti-
cal in character, but originates from the sam-
pling position, which reaches a maximum in the
first emulsion sheet facing the thin window. The
over-all evidence indicates that a beam of parti-
cles of Z =6+2 was emitted from the sun during
the 3+ flare.
This identification is consistent with the ob-
servation by Fiehtel and Guss' of a flux of car-
bon, nitrogen, and oxygen nuclei associated with
a flare of magnitude 3, detected by nuclear emul-
sions flown to 130 km at 1480 U.T. on Septem-

ber 3, 1960. Qn the other hand, Kurnosova and
co-workers' report an anomalously large flux
of nuclei with Z ) 15 associated with a Class 1
flare which occurred at 1127 U.T. on September
12, 1959. Their observations are based on two
Cerenkov counters carried on the second U.S.S.R.
cosmic rocket which responded to heavy particles
with energies exceeding 1.5 Bev/nucleon. During
the 17-minute period when the flux of Z =- 15 in-
creased about twelvefold, the fluxes of particles
with Z ~ 2 and Z = 5 remained essentially normal.
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(1961).
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6, 495 (1961).
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EVIDENCE FOR A g-g RESONANCE IN THE I=1, J=1 STATE*
A. R. Erwin, R. March, W. D. Walker, and E. West

Brookhaven National Laboratory, Upton, New York and University of Wisconsin, Madison, Wisconsin
(Received May 11, 1961)

Since the earliest data became available on pion
production by pions, certain features have been
quite clear. The main feature which is strongly
exhibited above energies of 1 Bev is that collisions
are preferred in which there is a small momentum
transfer to the nucleon. ' This is shown by the nu-
cleon angular distributions which are sharply
peaked in the backward direction. These results
suggest that large -impact-parameter collisions
are important in such processes. The simplest
process that could give rise to such collisions is
a pion-pion collision with the target pion furnished
in a virtual state by the nucleon. The quantitative
aspects of such collisions have been discussed by
a number of authors. Goebel, Chew and I ow, and
Salzman and Salzman' discussed means of extract-
ing from the data the g-m cross section.

Holladay and Frazer and Fulco' deduced from
electromagnetic data that indeed there must be a
strong pion-pion interaction. In particular, Frazer
and Fulco deduced that there probably was a reso-
nance in the I=1, J=1 state. A qualitative set of
m-p phase shifts in the 400-600 Mev' region were
used by Bowcock et al. ' to deduce an energy of
about 660 Mev in the p-g system for the resonance.
The work of Pickup et al. showed an indication of
a peak in the z-m spectrum at an energy of about
600 Mev.
The present experiment was designed to explore

the m-m system up to an energy of about 1 Bev.
The z beam was produced by the external proton
beam No. 1 at the Cosmotron. A suitable set of
quadrupole and bending magnets focussed the pion
beam on a Hevimet slit about 10 ft from the Adair-
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Tools:

• High-Energy Colliders

The Last Discoveries (1995-2012)

• General-purpose 
Detectors

LHC tunnel. Credits: CERN

CMS detector. Credits: CERN/Maximilien Brice
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