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» ERRATUM

UCRL-9028, "POSSIBLE MANIFESTATIONS OF A PION-PION INTERACTION, "

Geoffrey F. Chew, January 6, 1960. Invited paper delivered at the West Coast
Meeting of the American Physical Society, December 28, 1959.

P

In this paper one of the experiments suggested to study a possible

- P resonance in the mw system is pion pair production by a photon in the

Coulomb field of a nucleus. It has been pointed out to the author by Sidney

- Drell and by James S. Ball that because two photons are involved, charge-

conjugatioﬁ invariance allows pion production only in states of even orbital
angular momentum. - Thus the experiment might be ;‘elevé.nt to the S-wave 7T
interaction, but certainly not to the P-wave. A corresponding ar‘g’ument eli‘—
minates 37 states with zero is§tbp;i-c spin.

In additioﬁ Francis E. Low has pointed out that a more detailed calcu-
lation is required to show that competitioh,can be overcome from processes
in which the momentum is transferred not by the Coulomb field but by nuclear
forces. Such a calculation is now being carried out bir Yong Duk Kim.

, Finally, the author regrets that reference was not made to a paper by

'C. Goebel, Phys. Rev. Letters 1, 337 (1958), emphasizing the importance-

of peripheral 7N collisions in studying the ww interaction.
}
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PGQSIBL& MANIF ESTATZONS OF A PION- PION IN‘T’ERACLION
Geofﬁrey F. Chew

Lawrence Radiation Laborarory and Dcpartment of Physics
University of California
- Berkeley, California

January 6, 1960.
ABSTRACT
Various experiments ¢o irerify the existence of a P resonance in the am

systemw arée proposed.
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PGSSiB.LE MAN{FESTATIONS OF A PIOM-PICN ENTER.ACT’IG’\I
GecffreyF Chew

Lawrence Radiation Laboratory and Department of Physics
‘University of California :
Berkeley, California

January &, 1960

INTRODUCTION

I has been realized for some time that there must be a substantial inter-
action between every pair of particles in the strongly coupled ba?yonmmeson
family., Only the interaction combinatiors of nucleon-nucleon, hyperon»—nuc&eon,
pion4n11cleon, and kaon-nucleon have been dweciiy ocbserved, but the failure to
see other combinations is presumably only because experimenters find it difficult
to make targets of unstable particles. The pion is the lightest particle in the

strongly coupléd system and in a certain sense the simple=st Therefare the

_pion-pion interaction, although experimentally e!.uszve, is of great theor et;ca‘l

importance and must be understood before the other and more familiar inter-
actions can be systematically analyzed. The question I want to consider today
is how we might get experimental information about the w-w interaction.

A direct pionwpion scattering ,expériment seems out of the question at
presént, but there are many indirect approaches possible. One of these has
been carried out in considerable detail, even though its relevance to the W

mtevact!on h&s only recently been appreciated. This is the study of the electro-

magnetic structure of the neutron and proton.

NUCLEON ELECTROMAGNETIC STRUCTURE

Nucleons can virtually emit all the various members of the strongly caﬁp{ed
farnily, and the "'cloud" of these particles constitutes what we cail the "structure’
of the nucleon, ‘The eleciron~nucleon scattering experiments at Stanford 'by
Hofstadter and collaborators have yielded a number of important characteristics
of this cloud and in pa.r'r.iculai have shown that it has a rather large radius. : The
cioud must therefore be dominated by virtual pions, since these are the only
partic les light enough to be allowed by the uncertainty priﬁcipie to reach 'la'rge |
distances from the nucleon cenier. 2 The ‘mﬁagnitude of the nuc leon's anomalous

magnetic moment ailows one to infer the probability for finding pairs of pioms in

the cloud, a probability which turns out to be very high.

invited paper delivered at the West Uoast Meeting of the Awmerican Physical
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Now the probability for a nucleon to emit a single pion is well known and is

. measured by g , the pion-nucleon coupling constant. Thé probability for ewitting

an uncorrelated pair of pions one after the other, is therefore known and may be

compared with the value required by the nucleon anomalous moment. I turns out
to be too small by about a factor of five, _as'first emphasiéed by Dreil.” &
mechanism is needed for strongly enhanfé:ing the probability of creating pairs of
pions in the state with J = 1 and I =1, which turn out to be the quantum numwbers
relevant to electromagnetic structure. A resonance in this state is an obvious

possibility and in fact seems to be the only explanation of the situation that does

‘not a2bandon local-field the ory;

Until recently it was not possible to put arguments of this kind into a precise
and quantitative form because of the lack of theoretical machinery. Dispersion
theory has now filled the gap, and calculations by Frazer and Fulco have established
the main characteristics of the resonance required,"} It should occur at a toté.l
energy of the pion pair between three and four pion rest masses in order to give
the required nucleon radius and should have a width of 0.4 of the resonance energy
in order to give the observed anomalous magnétic mowment.

Detailed considerations by Mandelstam and me5 of the nature of the inter-
action between two pions have established that this P-wave resonance required b;y

nucleon electromagnetic structure is indeed possible. We also find that S-wave

it

resonances in either I=0or I=2 states arve unlikely. For the sake of today's -
discussion, therefcre, I shall assume that the low energy 1T~’c'!' system is likety
to be dominated by a moderately sharp P-wave resonance, What experiments

might be done to confirm or contradict such a theoretical expectation?
ELECTROMAGNETIC PION-PION PRODUCTION

The most direct and satisfactory experiments would produce real pion pairse
electromagnetically, free from sirong coupling complications. In the near future,
various accelerators will give photon beams in the Bev range. Such photons will
be capable of producing pion pairs by the same mechanism as for ordirnary
electron-pair production but of course with a cross section smaller in order of
magnitude by ~ (-m(_j/::»fau)2 . The total energy of these pion pairs in-their own
rest frame will always tend to be in the general region of the conjectured resonance
fthat is, equal to a few times the pion rest mass) regardless of the photon energy.
What then would govern the choice of photon energy? The answer comes from the
requirement that picn-pair production, in order to be clearly interpretable, must

take place in the Coulomb field ocutside the nucleus. The momentum transferred



B o UCRL-~9028

to the nucleus must then be substantially less than the reciprocal of the nuclear

radius. A simple calculation shows that this momentum transfer for a photon
of energy k producing a pion pair of total energy E{in its own rest frame) is

~E“/2k. Assuming a resonance energy 3mw » we thus require that

E /Zkz 'z' —-I{-*-—‘ ~ R 5
0«, iOI’ R Nl’n
k> 2 m_ a3 - 400 Mevxal/? .

Evidently then, one needs several Bev unless the small cross sections of light

nuc lei can be pvercome with a high photen flux.

if the conjectured resonance is present, the cross section for pair production
will be enhanced by the saine mechanism that gives the large nucleon anomalous
magnetic moment. Events in which the nucleus is excited should be ignored.

The angles and momenta of the produced pions should be measured. and the cross

section plotted as a function of the energy of the pion pair {in its own rest ffame),

the resonance. ought to be clearly visible then. . ,

‘ . It has been pointed out to me in prtvate cdnvevsaﬁons by Drell and others.
at Stanford that an even cleaner experiment is possible if clashmg electron-
posztron beams ever axre vcalued

The process

s

+ - +
e e = T +7

‘is completely free from nuclear complications and produces the pion pair uniguely

inthe I=1, J=1 state of interest. "“urthermore, the order of magniﬁ‘:ude of the
Cross sectmn wzu be as large as that of any competing process. 'The electron-
positron beam energies env:sagnd at Sianford would cover very "ncely the region of
the comec»ared resonance, and the toi:al cross section for the reaction would give

ail the information needed.
A THREE-aPI,ON RESONAN‘CE OR. BOUND STATE

i might be mentioned at this poznﬁ that there iz theoretical reason to expect

_ahaa the same attractive forces which produce the conjeciured Iw resonance will

act so strongly in the 3w state with 1=0 and J =1 as to alsc pr@éuce a3 reésonance
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there and at about the same total enerxrgy. 6 The forces might be so strong, in
fact, as to give 2 bound 3w state; if so, this would be the,p‘é,r’«:icie proposed !:zy
Nambu a nurmber of years ago in order to explain the absence of charge structure
in the neutron. V |

The eleciromagnetic pion-production experiments discussed above evidently
should also reveal the presence or absence of a 3w resonance. If there is a
bound state instead of a resonance, the task of detection would be of a different
kind. These Nambu particles ought to be produced in almost any nuclear reaction

in the Bev range and reveal themselves by the \l decay modes,

S v+ 0

7
(37) B—a3y + Zwo
\9 v ¥ 'R’.}‘ +ow

-1 . . rE gt
which would occur with rates ~ 1020 sec . Moyera informs me that identification

of y rays of such anomalously high energy is entirvely feasible. Of course, one
could also search for evidence in the kinematics of directly observable particles

produced at the same time.
PERIPHERAL COLLISIONS

The final type of search for the 2% resonance that I want to discuss today
is the one most likéiy' to be tried first. It is based on a proposal made by Low
and we a year agoo.?-m.Here one shoots pions at protons and observes the very-
low-energy nucleon recoils. Put in simple language, this experiment atiempts
to isolate single virtual pions in the cloud of the target proton at a great distance
from the center. Collisions of the incident pion with such virtual pions take place
just as would free pion~pion collisions - -with the nucleon not causing any compli-~
cations. The whole trick is to pick out those ve'r'y few collisions that ogcur far
from the center of the nucleon a.nd.’v:o ignore the many collisions thai are compli-
cated by the ismer ﬁucleon structure. This is accomplished by looking on!y at
events with very small momentum transfer to the nucleon.

Consider, for example, the reaction
’(T + P = u + 'T +n

and suppose that the cross section has been measured as a function of the momentum

Pn- as well as the angle 6 of the recoil neutron. The total energy _;_ of the

A

w7 « ' pair in its own rest frame is determined by P, and €,, sowe may

G‘ZG’ . o -
consiruct the quantity: 5 from our results, Low and I showed that
o K3 652 :
in the limit as P approaches -~m_ ., this guantity approaches a simple limit determined
Ea (&)

entirely by the plen-nucleon coupling constent and the pion-pion total cross section:
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52 2 g 2 ., Ji/2 |
__5..2__0 - ._ff Ta/ T E(“g“ = "’5-2??) ¢_+_- (E)
POy ' A 2 -7 2 T ow ?
0E ﬁPn it {P” +m } P

] n ™ : L

~ where P is the laboratory momentum of the incident @ . This limit is of

course oui:51de the physma!& region, but it is not far outside and ther:e is reason

to think that the behavior of the cross section for Pzn ~ ’mi will strongly

 reflect the pole and allow at least a rough determination of its ré,:svidufec in

parvticular, if the anticipated resonance actually exists, it should produce.a sharp
and characteristic E dependence. '

The first experiments at Berkeley of this peripheral-collision type will
pro‘babiy compare th\.. above reartwn, controlled by ¢ at and containing

the I= 1 resonance, with the reaction

+ 4 ;
13 +p-t»1r'.+ﬁ.r+n,
which is controlled by o o e ‘and does not contain the conjeciured resonance,
: .

gince the pioﬁ_/- air here is in a pure I =2 state.
OTHER INDIRECT MANIE‘ES_TATIONS OF A ww INTERACTION

The inferaction between'a pair of pions, if strong, will have indirect con-
sequenceg of importance to man;}‘ other interaction comnbinations. The nucleon-
nucleon force, for example, is known to receive a strong contribution from the
exchange of pion pairs. ¥ these pairs interact "in transit",, the nuclear force
obviously will be affected; in particular, there may be a connection between the
"hard core' of the nuclear force and the ww resonance discussed here.,

The iengest-range part of the pmn-»nucleon force is de:.ermmed by the

pmnapmn mth’ascuon, as seen from the following diagrams

N

N ' T

That is to say, the lightest system that can be "exchanged' between 2 pion and a

nucleon is a pair of pions. All other exchanged systems will lead to forces of
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shorter range, and their effects may be suppresseciﬂby tooking at pion-nucleon
collizions with large impact parameter or, equivalently, high angular momentum.
Thus one may hope that the information now being developed about picn-~nucieon
D phase shifts near 300 Mev will bear on the ww interaction,

Such considerations as these obviouély apply to alwost any strong inter-
action, Sconer or later the system E’it}ii‘- be understood if we are to make

substantial further progress in strong-coupling physics.

This work was done under the auspices of the U.S. Atomic Energy Commission.
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FOOTNOTES

For a reviéw of the experiments, see Hofstadter, Bumiller, and Yearian,
Revs. Modern Phys. 30, 482 (1958).

Rcughly speaking, the > mean square radius of a parucuiar component of
the cloud is given by rz =6E" =2 » where E is the total energy of that
component. The over-all measured radius corresponds to E = 4m

S. .D Drell, in 1958 Annual International Canfef'ence on Hzgh Energy

| Phys:cs at CERN (CERN, Geneva, 1958). |
- W. R. Frazer and J. R. Fulco, Effect of a Pion- Pion Scattering Resonance

on Nucleon Structure, UCRL-8880, August 1959,

G. ¥. Chew and S. _Mahdelstam, Theory of the Law»Energy Pion-Pion
Interaction, UCRL-8728, April 1959,

G. F. Chew, Phys. Rev. Letters 4, to be published (1960).

Y. Nambu, Phys. Rev. 106, 1366 (L) {1957). |

Professor Burton Moyer, Lawrence Radiation Laboratory, private

communication,
G. F. Chew and F. Low, .Phys. Rev. 113, 1640 (1959),





