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This report describes research in·nuclear physics and

elementary particle physics.  The nuclear research is all

theoretical, but the high energy research is both theoretical

and experimental.  The report is organized according to this

three-way division of our research activities.

The reader is warned that some of the results presented

here are tentative and may be modified before publication.



F                                                                                                         ./

7
STAFF

Stephen Gasiorowicz, Professor
Benjamin Bayman, Professor
Hans Courant, Professor
Donald Geffen, Professor
Hiroshi Suura, Professor

Daniel Bes, Associate Professor
Erwin Marquit, Associate Professor
Keith Ruddick, Associate Professor
Yau Chien Tang, Associate Professor

Ricardo Broglia, Assistant Professor
Ernest Coleman, Assistant Professor
Jonathan Rosner, Assistant Professor

Darryl Coon, Research Associate
Robert Goble, Research Associate
Richard Fuller, Research Associate
Earl Peterson, Research Associate
Robert Saenger, Research Associate

Fritz Gutbrod, Visiting Associate

Graduate Students

Michael Chandler
Banvir Chaudhary
Hsuan Chen
Jurgen Fohlmeister
Fick Fultz
Robert Furber
Everett Harvey
Rufino Ibarra
James Lai
Wing Yan Lau
Yusef Makdisi
Wes Petersen
Irwin Reichstein
Henry Romer
George Satovitch
Janet Smith
John Tooley
L. Sillerud
T. Fesesse



*j                                                                                                                                                      1

1.1

I.  Nuclear Theory.

The main topics of research during the academic year 1969-70

have been; a) the study of nuclear reactions involving the

transfer  of tGo particles, with finite range effects and

multiple step processes being included in the calculations

(see contributions listed under the numbers 1-6); b) the study

of light nuclei and hypernuclei mainly through the application

of resonating group theory (contributions 7-10); and c) the study

of the interaction between phonons and single particles and

between phonons among themselves and its application to nuclear

spectroscopy (contributions 12-16).
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1.   Realistic Calculation of Two-Neutron-Tranfer Cross Sections.
-

(B. F. Bayman and R. A. Broglia)

A distorted-wave Born approximation (DWBA) calculation of the

two-nucleon transfer reaction ((t, p) or (p, t)) has been

completed.  All previous DWBA calculations of this process have

used a very unrealistic interaction, a zero-range force between

the proton and mass-center of the two transferred neutrons. In

this way, relative cross-sections could be estimated for transfer

of different kinds of neutron pairs (say lf7/2 vs. 2P3/2)' or

for different Q-values, but there was no convincing way to

calculate absolute cross-sections. Our calculation uses a

realistic interaction between the proton and each of the trans-

ferred neutrons, and does yield absolute cross-sections.  We find

cross-section ratios that agree with the estimates made by the

zero-range codes. This is fortunate, since the zero-range codes

have yielded many successful explanations of experimental

cross-section ratios. However, the absolute cross-section we have

40 42calculated for Ca ( t, p) Ca (E  = 10 MeV) is about five timest

smaller than the measured value. The wave functions assumed for

40 42
Ca and Ca involve configuration mixing produced by a pairing

force of reasonable strength, which mixes states of one major

shell.  Our factor-of-five discrepancy seems to indicate that

the actual amount of configuration mixing is much greater.  We
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are now trying to decide whether the extra configuration mixing

is describable in terms of a few more states, or whether it

involves small admixtures of many (thousands) of states, which

act together to renormalize the two-neutron transfer cross section.

The latter alternative is reminiscent of the way small admixtures

of many configurations enhance electromagnetic processes, in a

manner that can be summarized by the introduction of an

effective charge.

2.   Coupled Channel Transfer Reactions. (T. Tamura (Centre

for Nuclear Studies, The University of Texas), D. R. Bes,.

R. A. Broglia and S. Landowne)

Two-neutron transfer reactions in strongly deformed nuclei .

are discussed in the framework of the coupled channel Born approxi-

mation (CCBA) so that contributions due to multiple-step

processes are taken into account.  We have constructed a computer

program called MARS which uses as a subroutine the coupled-

channel program JUPITOR-l (T. Tamura, ORNL-4152 (1967)) to

obtain radial wave functions in the incident and exit channels.

The form factors are obtained using the computer program TWOPAR

of Bayman and Kallio and the spectroscopic amplitudes are

calculated using the Nilsson and BCS approximations. The numerical

176 174
results are applied to the Yb  (p, t) Yb processes. The usual
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simplifications leading to the DWBA from the CCBA are shown not

to be justified in this case.

3.   Two-Nucleon Transfer Reactions and the Pairing Model.

(R. A. Broglia, 0. Hansen (Los Alamos Scientific Laboratory)

and C. Riedel (ZfK, Rosendorf near Dresden, Germany (DDR))

The Review Article started last year (see the previous

Progress Report, Number COO-1764-68 ) has been finished and

submitted to Advances in Nuclear Physics where it is scheduled to

appear in Volume 4.

4.   Two-Particle Continuum States in the Shell-Model Approach to

Nuclear Reactions. (R. C. Fuller and D. H. Feng)

This work is part of a continuing effort to develop methods

to study reaction processes such as deuteron induced reactions or

two-particle stripping, where it is generally necessary to include

two-particle continuum shell-model states. Using single-particle

Gamow states, a method for constructing the continuum states is

developed and tested numerically. The model, in its present

form is expected to be particularly suitable for elastic deuteron

scattering on closed-shell nuclei.

Gamow state wave functions were used to construct a
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finite-rank potential which approximates a local potential. The

procedure was extended to hard-core potentials, and tested numeri-

cally for a hard-core plus square well potential; it was found to

be satisfactory. The method appears to be less artificial than

others that have been used to give a repulsive component to a

finite rank potential. Such finite-rank potentials are particular-

ly useful in Hartree-Fock calculations.

5.   Determination of the Y Deformation Parameter from the
4

(p,t) Reaction. (K. Kubo (Institute for Nuclear Study,

University of Tokyo), R. A. Broglia, C. Riedel (ZfK,

Rosendorf near Dresden, Germany) and T. Udagawa (Kyoto

University))

The hexaduapole deformation parameter of nuclei in the rare

earth region is determined by analyzing the (p, t) reaction cross

+
section associated with the excitation of the corresponding 4

member of the ground state rotational band (Physics Letters 328,

29 (1970)).

6.   Two-Nucleon Transfer Reactions in the SU3 Representation.

(D. R. Bes and M. Chandler)

We have developed a computer code in order to obtain the
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matrix elements of the operators which determine the spectroscopic

amplitudes corresponding to two-body transfers in the s-d shell,

using a representation characterized by the partition (U6) and

SU3 and R3 quantum numbers.  Applications in order to reproduce

the experimental information on the s-d shell are in progress.

7.   Study of Light Nuclear Systems with the Resonating-Group

Method. (Y. C. Tang and I. Reichstein)

The N +N and a+Q systems are studied with the resonating

group method in the one-channel approximation. The nucleon-

nucleon potential used has both a central part, which has unequal

ranges in the triplet and singlet states, and a spin-orbit

component.  The results show that with a near-Serber exchange

mixture and appropriate values for the depth and range of the

spin-orbit potential, very good fit to the empirical phase-shift

data can be obtained in the energy region below the reaction

thresholds.  In fact, even above the reaction thresholds, where

the result is not expected to be as good, the agreement with the

experimental cross-sections, polarization and spin-rotation-

parameter data is quite satisfactory.

Using the resultant wave functions, we have constructed

effective potentials between the clusters. The main purpose here

is to assess the importance of the requirement that the wave
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function be antisymmetric with respect to the exchange of the

incident nucleon with a nucleon in the target nucleus. From the

result it is found that the antisymmetrization effect is indeed

quite important.  In particular, it creates an odd-even feature

wherein the effective central and the effective one-body spin-

orbit potentials in the odd-1 states are appreciably different

from those in the even-1 states

8. Effective Interaction between Light Nuclei.    (Y.   C.   Tang)

The wave functions obtained from resonating-group calculations

are used to construct a local potential which yields the same

phase shifts as those calculated with the resonating-group method.

This local potential has the following properties:

(i) Its short-range part can be represented by a hard core with

a radius which is weakly energy-dependent but strongly

1-dependent;

(ii) The long-range part has an odd-even feature, wherein the

potentials in the odd-1 states are different from those in the

even-1 states;

(iii) In either the odd-1 or the even-1 states, the long range part

is only weakly energy- and 1-dependent;

(iv) In the favored 1-states, for example, the odd-1 states in the

34He  + He  case, the potential seems to be simply related to the
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direct potential between the clusters.

This suggests that the effective interaction between two

nuclei can be reasonably represented by the following 4-dependent

potential:

V  (r) = 00 r K r
1                      to

= C V (r) r>r
1 D to

where the hard core radii r can be determined from a simple
tO

study of the zeros in the oscillator-shell-model wave functions,

and the direct potential  VD(r)  can be obtained by a folding

procedure using assumed matter-density distributions for the

clusters and a nucleon-nucleon potential with a Serber exchange

mixture.  The quantities  Cl' which can take on two values,

depending upon whether  1  is even or odd, are introduced to take

into account the odd-even feature and the effect of the Pauli

principle in the long-range part; the two quantities, C andeven

C    are to be considered adjustable parameters in this potential.odd

This potential is used to study the He3 + He4 scattering

problem and very satisfactory results are obtained. The values

of C and C turn out to be 1.38 and 0 respectively. The
even odd

fact that they are so different demonstrates in a dramatic way

the importance of the odd-even effect, which has so far not been

considered in optical-model analyses of scattering results.
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9.   Semi-Phenomenoloqical Approach to Nuclear Scattering

Problems. (Y.  C.  Tang  and R. E. Brown (Minnesota))

One of the drawbacks of the one-channel resonating-group

calculations  is that reactions cannot be accounted for. To

crudely correct for this, we have introduced a phenomenological

imaginary potential into the resonating-group formalism.

Application of this model to Q+ 0, scattering showed that good

agreement can now be obtained even at energies much above the

reaction thresholds.  Also, it is possible to show unambiguously

that reactions take place mostly in the region where the two a

clusters begin to overlap.  Similar application to the He3 + He3

scattering problem has likewise yielded rather satisfactory

results.

10. Effect of ANN Potential. (Y. C. Tang)

It has been shown by many people that with a central

34potential, which explains the binding energy data of AH , AH ,

4AHe  and the A-p scattering data, the binding energy of AHe5 is

too large by about 3 MeV. Due to the short range nature of the

A-nucleon tensor force, one knows that this overbinding cannot

be corrected for by using a A-nucleon potential with a tensor

component„  In this investigation, we examine the effect of the
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three-body ANN potential on the binding energies of the s-shell

hypernuclei.  With a perturbation calculation and a ANN potential

derived from two-pion exchange mechanisms,-it is found that the

amount of overbinding can be reduced by a few-tenths of an MeV.,

5
which is not enough to bring the binding energy of AHe  into

agreement with the experimental value.

11. Survey of lf Nuclei. (B. F. Bayman, N. Hintz (Minnesota),7/2

J. D. McCullen (Arizona) and L. Zamick (Rutgers) )

This work is a comprehensive review of the observed

40 56
properties of nuclei between Ca and Ni  , of the theoretical

description of these nuclei, and of the extent to which theory

and observation agree.  The first stage of this work, in which all

the available information about every level of each nucleus in this

region was collected, is complete.  The manuscript is now being

written. About half of it is finished, with the remainder to be

done by the end of 1970.  The finished article will probably

appear in the Reviews of Modern Physics.

12.  Effect of the Multiple Pairing and Particle-hole Fields in

209the Particle-Vibration coupling of Pb: I. (D. R. Bes and

R. A. Broglia)

Work with the model outlined in Ref. 24 of the previous
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Progress Report has been continued. The two-particle, one-hole

209
states in Pb are considered to be either as a particle coupled

208
to a particle-hole phonon of Pb or a hole coupled to a X-Pole

210
pairing vibration of Pb A coupling between these states as

suggested by B. Mottelson (Suppl. to J. Phys. Soc., Japan 24 (1968)

87-104) is performed. The model is formulated and its limitations

are analyzed in a first paper of a series concerning the

application of these methods. (LA-DC-11648 (1970) preprint).

13. Effect of the Multipole Pairing and Particle-Hole Fields

209in the Particle-Vibration Coupling of Pb: II. The

207 209
Pb     ( t,p) Pb Reaction at 20 MeV. (E. R. Flynn, G. Igo,

P. D. Barnes, D. Kovar, D. R. Bes and R. A.·Broglia)

207 209
The Pb (t,p) Pb reaction has been performed at 20 Mev.

The excitation of the single-particle states is used as a

normalization for the distorted wave code of Bayman and Kallio.

A large number of two-particle, one-hole states are seen in the

excitation region examined, the first being at 2.152 MeV. These

states are analyzed within the framework of the model described in

I.
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14. Effective Operators for the Single Particle Transfer

208Processes on Pb (D. R. Bes and R. A. Broglia)

The stripping reactions leading to two-particle one-hole

209 207
states in Pb or to one-particle, two-hole states in Pb ''

that are forbidden within shell model picture are analyzed by

taking into account the ground state correlations produced in

208
Pb by both the particle-hole and the pairing phonons.  It is

shown that the results corresponding to the random phase approxi-

mation and the model developed in I agree in lowest order. The

calculations using model I are .carried out up to third order of

perturbation theory to verify the convergence of the method.

The results compare satisfactorily with experimental values.

20815. The Spectrum of Pb .  (D. R. Besiand R. A. Broglia)

The model used in previous references has been further

developed in order to treat the coupling between two phonons in

208
Pb In some cases it is ·apparent the need to go to relatively

high orders of perturbation theory. Methods to treat this algebraic

problem have been developed.

16- Many-body Approximations (Bes and Kraus)

A computer program has been written which exactly solves a
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simple but nontrivial model Hamiltonian containing a single

particle force, a pairing (short-range) force, and a monopole

(long-range) force (Schatte and Bleuber, Nuclear Physics A 119

(1968) 221)  Using this program, an investigation will be made of

various many-body approximations used in nuclear physics. In

particular, the influence of particle-hole phonon on the pairing

ground state correlations, and vice versa, the effect of pairing

phonons on the particle-hole ground state correlations will be

examined.

17. The Collective Treatment of a Pairing Force with T = 1.

(D. R. Bes, R. A. Broglia, G. G. Dussel and R. Perazzo)

A collective Hamiltonian is obtained for the problem of

the pairing force acting in the T=1 channel. This Hamiltonian

is analogous to the one discussed by A. Bohr in 1952 for the case

of quadrupole shape oscillations. The symmetry properties of the

wave functions are discussed and solutions are explicitly con-

structed for the harmonic and other simple cases.
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Publications

The following publications were listed last year as preprints.

COO-1764-32 Shell Model Calculation of the Even-Parity States

43
of Ca , S. Pittel and B. F. Bayman, Phys. Rev.

187, 1398 (1969).

COO-1764-65 Shell Model Continuum in Nuclear Bound States,

R. Ibarra and B. F. Bayman, Phys. Rev. 1, C1786

(1970).

COO-1764-72 Isospin Structure of Pairinq Vibrations,

B. Bayman, D. R. Bes and R. A. Broglia, Phys.

Rev. Lett. 23, 1299 (1969).

New publications.

COO-1764-85 A Treatment of Two-Particle Continuum States in

the Shell-Model Approach to Nucl. Reactions,

R. C. Fuller, Phys. Rev., in press.

COO-1764-101 Rapporteur's Report. Session on Direct Reactions,

B. F. Bayman, Proceedings of the Asilomar Conf.

on Nuclear Isospin, PP. 215-229, Academic Press,

New york, 1969.
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COO-1764-102 Further Study  of  a + ty Scattering, I. Reichstein

and Y. C. Tang, Nucl. Phys. A 139, 144 (1969).

COO-1764-103 Evaluation of the Imaginary Part of the Optical

Potential with a Monte Carlo Method, I. R. Afnan

and Y. C. Tang, Nucl. Phys. A141, 653 (1970).

COO-1764-105 Study of N + u Systems with the Resonatinq-Group

Method, I. Reichstein and Y. C. Tang, Nucl. Phys.

(to be published).

COO-1764-106 Rapporteur's Report, Session on Nucl. Phys.,

D. R. Bes, Primer Congreso Latinsamericano de

Fisica, Oaxtepec, M*xico, Julio de 1968, p. 70,

Ed. Sociedad Mexicana de Fisica, Mexico, 1969.

COO-1764-107 Determination of the Y Deformation parameter
4

from the (p.t) reaction, K. Kubo, R. A. Broglia,

C. Riedel and T. Udagawa, Phys. Lett. 3283 29

(1970) .

COO-1764-108 Effect of the Multiple Pairing and Particle-hole

Fields in the Particle-Vibration coupling of

208
Pb: I, D. R. Bes and R« A. Broglia (LA-DC-11693).

COO-1764-109 Two-nucleon Transfer reactions and the Pairing

Model, R. A. Broglia, 0. Hansen and C. Riedel,

(submitted for publ. to "Advances in Nuc. Physics".
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II. Elementary Particle Theory.

During the last year, questions connected with duality

attracted the largest amount of attention in our group.  Work

has gone on in four important areas: a generalization of the

simple qualitative pole models by the introduction of "nexus

functions", which seems to be a necessary step before

unitarity questions can be considered; the exploration of a

generalization of the Veneziano model, which allows for non-

linear trajectories and includes the Veneziano model as a

limiting case; the study of symmetry and duality and attempts to

incorporate spin into dual models; the search for field theory

models that exhibit dual behavior, with the idea that corrections

to Veneziano formulae can be systematically derived.

In addition, other important areas have received attention.

These include the whole realm of high energy scattering,

including eikonals and corrections thereto, low energy theory of

meson-meson scattering and neutrino-production.
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1.   A Model-Independent Approach to Duality and Internal

Symmetries (D. A. Geffen)

The   concept   of " nexus functions" is introduced   as a simple,

model independent approach to investigating the relationship

between duality, crossing and internal symmetries.  A nexus

f,inction F(s,t)i s defined   to   have   only      s      and t channel

resonances (none in the u channel) such that, for example, the

resonances or poles in  s  depend on  t  in a non-trivial way.

This would imply, in particular, that an equation of the type

a F(s,t) + b F(t, u) + c F(u, s) = 0

implies  F = O, when  a, b, c  are constants, not.all zero.

Particular examples of "nexus functions" are Veneziano amplitudes,

amplitudes given by Mandelstam representations with no single

variable spectral functions, or dual scattering amplitudes

having Regge asymptotic limits. A scattering amplitude which is

" exotic" ·  in the s-channel would   be   de f ined   as a particular

"nexus function"  A(t, u) and so on.  If the exotic channels are

defined by the quantum numbers of an internal symmetry, i.e.

i-spin or SU(3), then we have a simple way of exploring the

relationship between duality and the internal symmetry in luestion.

The approach is more general than has been introduced earlier by
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several authors, so that, for example, factorization need not

be imposed a priori, as was done by Rosner and others using

Regge limits. One can also explore examples not contained in the

quark model (see "Duality and SU(3) " be16w) .

As an illustration, the connection between duality and

i-spin can be explored from 1rn- scattering, to easily show that

nnly one i-spin channel can be exotic, and that the T=1 channel

must be excluded.  Extension to SU(3), where the 27 and the 10 = 10-

are exotic, leads to the well-known result that pseudoscalar

meson-meson resonances couple to the mesons in a way consistent

with nonet symmetry. Another interesting result, not known

before, is that the 10 amplitude is identically zero (not
......

resonant in either crossed channels) so that there is only one

independent "nexus function"  that is antisymmetric  in  its  two

variables. A more interesting application of the method includes

baryons and is described below.

2.       A Consistent "Nexus' Function" Solution to Duality  and

SU(3) for Pseudoscalar Meson-Pseudoscalar Meson, Pseudoscalar

Meson-Baryon and Baryon-Antibaryon Scattering Amplitudes.

(D. D. Coon and D. A. Geffen)

The "nexus function" approach (defined in the above ,

abstract) is applied to octets (or nonets) of Ps.meson-Ps.meson.
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Ps. meson-baryon and baryon-Antibaryon scattering amplitudes
- -

(MM -* MM, MM -4 BB, MB -* MB, BB -* BB). The assumption is made

that there are enough exotic channels in the system to completely

specify the scattering amplitude in terms of nexus functions.

For the baryon number zero channel (B = 0) we make the con-

ventional assumption that the 10 , 10 , and 27 SU(3) channels
.-I .-.-

are exotic. All B=2 channels are taken to be non-resonant

and therefore exotic. This implies that all exotic amplitudes

- -

in the channels BB 0 BB the 10 , 10 and 27 , are identically
- - -

zero.  The B=1 (MB -* MB) channels present a problem since,
.-'

making the conventional assumption that only the 10 and 27 are
- -

exotic does not lead to a completely determined solution for the

non-exotic amplitudes in terms of nexus functions.  We depart

from convention, therefore, and explore the consequences of taking

the unitary singlet B=1 channel as exotic as well. The result

is an internally consistent solution for the scattering amplitudes

with the following properties:

(i) In all B=0 channels the 10 =1 0 amplitudes are identically
- -

zero (nonresonant in both crossed channels). This result for

MM -* BB is consistent with the result found earlier for MM + MM

and factorization, although the latter condition was not assumed

in the model.
--'

(ii) The ratio of the octet and singlet MM -* BB scattering
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amplitudes (in the neighborhood of a resonance) is consistent

with nonet symmetry in magnitude but is negative. This means,

assuming factorization, that if we take the coupling of MM  to

a nonet resonance to be nonet-symmetric, then  BB  couples to the

nonet octet and singlets with relative sign opposite to that for

MM.  This result yields a solution differing from those obtained

by Rosner and others using Regge asymptotics and assuming

factorization with nonet symmetric couplings for both  MM  and

BB channels. The power of our model is indicated by the fact

that a form of nonet symmetry was a prediction of the model free

of the difficulties found by other authors.

(iii) Strong conditions on the F/D ratios for resonances coupled

-                   --            2
to BB are obtained. From BB -0 BB we find (F/D) = 1 for all

states.  One possible solution is that F/D = +1 or -1 arbitrarily

for every state. Combining this result with the MM -* BB results

for F/D we obtain the result that the F/D ratio  for the even

normality resonance couplings to baryons can be universal,

provided that F/D = -1.  Again F/D = *1 would be allowed under

more unconventional assumptions about trajectories.

C j.v)   In  the  B  =  1  channel,   MB  -*  MB, the model predicts  a

degeneracy between the symmetric octet and decuplet states.

(v) Since the model can satisfy the Regge limit conditions

iinposed by Schmid and others, assuming Regge pole dominance of
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the scattering amplitudes leads to exchange degeneracy of the

trajectories„ If, in addition, we assume constant residue

functions, this yields relationships between couplings of various

trajectories with mesons and baryons. The model is more general,

however, since the inclusion of Regge cuts, nonlinear trajectories.

energy -dependent residues  etc. are consistent  with the minimal

assumptions made in our approach.

The particular model reported on here is clearly not

completely consistent with experiment and other assumptions about

which channels are exotic and which are not, need to be explored,

as well as the investigation of other scattering amplitudes and

the possibility of exotic resonances explored (in this model

exotics are not necessary). The problem of unitary, and the

breaking of duality and SU(3) needs further investigation as well

within the framework of this approach.

3.   The Application of Duality and the Positivity Theorem in

BB Scattering. (D. D. Coon and D. A. Geffen)

A theorem on the positivity of residues of poles in

scattering amplitudes satisfying duality and unitarity (or

factorization) (D. D. Coon) is applied to BB  and  MB SU(3)

invariant scattering amplitudes. A linear combination of s-channel

helicity amplitudes is constructed in which all the residues of



22

the poles in  s  are polynomials in  t  with positive coefficients.

The positivity theorem then requires positive coefficients for the

highest power of s appearing in the residues of the t-channel

poles on the leading trajectory.  By applying the spin crossing

matrices to our combination of s-channel helicity amplitudes,

we obtain conditions on the leading t-channel trajectory, based

on very general assumptions about duality. The most important

result is that in BB scattering the odd normality trajectory

cannot be the leading trajectory:  Barring degenerate trajectories,

this implies the p trajectory must lie above the 11- trajectory to

be consistent with the most general properties of duality.

On the other hand, making some simple assumptions about the

structure of the Fermi invariant amplitudes in BB satisfying

duality leads to either ghosts on leading trajectories or un-

acceptable degeneracies when spin crossing relations are applied.

This is a reflection of the fact that simple assumptions of

Veneziano forms for invariant amplitudes in scattering amplitudes

involving spin lead to the above difficulties. It is clear,

however, from the above, that there are linear combinations of

helicity amplitudes for which there appears to be no conflict

between duality and positivity in scattering involving spin 1/2

particles.

Publication of the results of the last three abstracts is
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planned following further exploration of the consequences of

the methods introduced.

4.   Theorems concerning Duality. Regge Trajectories and

Positivity of Residues. (D. Coon)

Theorems dealing with duality between  s ·and  t  channels

in the elastic scattering of two unequal mass, spinless

particles have been derived. An infinite sum (partial fraction

expansion) of direct (s) channel pole terms involving all integral

values of spin and an arbitrary mass spectrum is considered.

The proofs rely on the positivity of the s-channel residues and

the assumption of power boundedness in s,a s    s  . *c o with  t
fixed.

(1) The number of subtractions needed for convergence of the

partial fraction expansion is shown to be a nondecreasing function

of t for positive  t .

(2) A singularity in  t  is shown to occur whenever another

subtraction is required.

(3) Each  t  singularity occurs with a multiplicative polynomial

in  s  whose order is equal to the number of subtractions.

(4) If the singularities in  t  are poles, then the residues of

the lowest lying poles with any giveh spin are positive.
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These results show that Regge behavior with nondecreasing

trajectories as well as some features of dual resonance models

can emerge from rather general assumptions about the direct

channel. In addition, a logarithmic lower bound is found on

the growth of the leading trajectory. The absence of "ghosts"

plays a key role in the proofs, and is in some sense responsible

for duality. In particular models, such as the Veneziano model

this point is obscured by technical problems involved in the

elimination of ghosts.

5.   Asymptotic Behavior and the Possibility of having Duality

in Models of the Van Hove Type. (D. D. Coon)

Elastic scattering of two spinless unequal mass particles

has been considered in a theory with minimal derivative coupling

and an arbitrary mass and spin spectrum including infinitely

large masses and spins. It has been shown that if the sum of

all the lowest order diagrams with poles in the direct (s)

channel has no unphysical or u-channel singularities, then for

fixed  t  this sum must grow faster than any power of  s  as

s  -+ oa· . Thus, models with minimal derivative coupling

(R. Blankenbecler and R. L. Sugar, Phys. Rev. 168, 1597 (1968)

and earlier work referred to therein) are incompatible with

duality.
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6.   Dual Resonance Theory with Nonlinear Trajectories.

(D. D. Coon and M. Baker (Washington)).

A dual resonance theory with nonlinear trajectories

(D. Coon, Phys. Letters, 29B, 669 (1969); Phys. Rev. 186, 1422

(1968)) which includes the Veneziano theory as a limiting case,

has been the subject of a continuing investigation.  The N-point

planar tree graphs.have been constructed and conjectured ex-

pressions for loop diagrams have been studied.  Work on factori-

zation, Ward identities and loop diagrams is being carried out

in collaboration with S. Yu (Washington). First and second

factorizations of the planar tree graphs have been completed.

With nonlinear trajectories, the degeneracy at the n-th pole

depends exponentially on  n, which is a greater degree of

degeneracy than in the Veneziano limit. However, the poles are

spaced exponentially and the net result is that the number of

states grows only as some power with increasing  s . Because

of this lower density of states, loop diagrams of the nonlinear

theory may be free from the "particle counting divergence" of

the Veneziano theory. Some indication that the nonlinear theory

may be well behaved and that difficulties are encountered only

in the linear limit has already been obtained from a conjectured

expression for the self-energy graph.  As in the Veneziano theory,

the determination of the precise form of the loop diagrams
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involves finding·the linear relation between vertices and

elimination of spurious daughters. Some progress has been made

on this problem.

M

7.   Conformal Invariance and the Boundary of the Physical Region.

(Do    Coon)

It has previously been shown (D. Coon, J. Math. Phys. 10,

1314 (1969); N. F. Bali, D. D. Coon and A. Katz, ibid. 10, 1339

(1969)) that conformal invariance severely restricts the

location of singularities of off-mass-shell scattering amplitudes.

Such constraints are expected in view of the well-known

restrictions of conformal invariance on mass spectra (J. Wess,

Nuov. Cim. 18, 1086 (1960)).  It has now been shown that the

boundary of the physical region for elastic two-body scattering

is a characteristic surface associated with the momentum space

representations of the generators of conformal transformations.

This is a necessary condition for kinematical singularities of

conformal invariant amplitudes to occur on the boundary of the

physical region.
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8.   Consistency between Reqqe-pole and direct-channel descriptions

of Scattering: "duality" . (J. Rosner)

Work has progressed on the successful matching of low-energy

1 (resonance) and high-energy (Regge-pole) descriptions of

scattering. In particular, a direct-channel decomposition of

1 meson-baryon scattering has been found which correctly reproduces

the observed features of the A' amplitude at  t=0 (measurable

via the total cross sections). This decomposition has the

property that the contributions of the sequence of resonances with

J   =  1/4 ,   3/2-,   5/2 , . . . . ( "natural" parity)   are all related

to one another, as are those of the sequence with J  = 1/2-,

3/2+, 5/2-,.... ("unnatural" parity),  but the two sequences  are

unrelated to one another. The arbitrary ratio of these two

contributions is reflected in the arbitrariness of the D/F ratio

in couplings of octet Reggeons to Baryons (J. Rosner, Phys. Rev.

Letters, 24, 173 (1970)).  The solution possesses an SU(6)w

limit (J. Rosner, Phys. Rev. in press) but is more general.

9.   Review of Exotic Mesons. (J. Rosner)

The application of duality to baryon-antibaryon systems

requires the existence of mesons which are "exotic" i.e. which

have i-spin and hypercharge other than that characteristic of a
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quark-antiquark pair (J. Rosner, Phys. Rev. Letters, 21, 950,

1468 (E), (1968)).  A thorough experimental review of the claims

for existence of such mesons was presented as a invited talk

at the International Conference on Meson Spectroscopy in

Philadelphia, May 1970. The evidence for any such mesons was

found unconvincing at present. Suggestions were presented

whereby such mesons could be detected if they exist.

10. Compilation of Mass Spectra in Exotic Channels. (J. Rosner)

With the help of several experimental groups at the Lawrence

Radiation Laboratory and elsewhere, the author has conducted a

search for exotic mesons  X    in the reaction  K p -D X  N,
++-+

where X 4 A p T . The existence of over 800 events of

+             -             +K p -* A p T  n  in the world data makes this channel worthy

of investigation. No significant evidence for resonant structure

was found.

11. Spin and Quark graphs. (J. Rosner and E. W. Colglazier

(Cal. Tech.))

Graphs based on quark lines appear useful in visualizing

the constrains imposed by duality, whether or not real quarks

exist (H. Harari,  Phys. Rev. Letters,  22, 562  (1969) ; J. Rosner,
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ibid. 689 (1969)). Work has been done on the description of

spin by such graphs, and an account of applications to the

decays of positive-parity mesons is being prepared for publication

in Nuclear Physics B.

The decomposition of amplitudes describing decays of

possible exotic mesons has been performed in terms of quark

graphs, and leads to a particular picture of how the A2 may be

split.

12. Examination of Quark-Gluon system as a possible dynamical

model for Duality. (H. Suura)

The three-triplet quark model with an interaction mediated

by neutral vector mesons (gluons) defines a sensible field

theoretic model for hadrons. The three triplets, called D, N,

A by Nambu are assigned the triality numbers 1, 1 and -2, and this

number is now identified as the gluon charge of the quarks.  As

a result of the vector character of the interaction, only quarks

of opposite gluon charge attract, giving rise to the boson con-
-                                                         -                                                         -

figurations DD , NN , AA  and the baryon configuration DNA. These

hadrons have a vanishing total gluon charge. In the hadronic

collisions then, it is obvious that gluon exchange can only occur

in Harari-Rosner type diagrams. In the boson collisions, for

example, we have an effectively closed quark loop to which
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external bosons are attached and quarks can be exchanged between     

any two points   on  the loop. These general considerations have

led to the following specific investigations:

1.  Energy spectrum of quark-antiquark spectrum.

It is assumed that the quark has a large mass M and a

large gluon coupling  g . The eikonal amplitude for q q

scattering

2                         co
T = 1 4 C   )2 fdz eiqz exp{ - S - pl P2

ff
dv dv' AF (z

( 271-)
0

- Vpl + v' P2  

where  Pl  and  P2  are the q, q momenta, and  q  is the
2                          2

momentum transfer, with t=q In the limit M >>s=

(Pl + P2)2 (z - v Pl + "' P2)2 -* z2 + (v + v')2 M2 - 2M2(v-v')zo,
T  is shown to have the form

T - (t)(1(s) r (2 - acs))  F  r (s)1

2     5-2M2where    rv (s) =
2  2

) and  F(a(s)) has no pole in a(s).
167T             M

Thus, we have obtained a linear spectrum, )(s) = n  for the

q-q system, except for the difficulty that the intercept
2

a (0>     =    - -g-i is extremely large.  We can eliminate this
87'r

intercept by introducing the scalar meson with the same coupling
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constant.  This, however, changes the original simple gluon

model.  Other possibilities are being tried.

2.   Boson N-point function.

N- external bosons are attached to a quark loop and the loop

interacts with the gluon. The gluon interaction is obtained

from the generating function which is the N-point amplitude in

the presence of the external field  A . For this a semi-classical

form is assumed

N -\' k x
4    -i L a a

T          dx   e "             f Occ  )   FIc  1a                     o     OJJ a=1

exp  i   ig 6      dxt'  A   (x) )   exp  L  EA1J Co     B

where the functional integration is over all possible closed loops

C  passing through  xa (a = 1,2,3,...N).  We do not specify the

weight function  FFC 1. for the moment.  L A  is the disconnectedL oJ'

vacuum loop diagram which may be similarly given by

L  [AJ  =  f   D(C)  9  [Cl  exp  {ig f c  dxK  A  (x) SB      J

The N-point function so generated is given by an expression which

may be interpreted as a sum of terms, in which the  nth term

corresponds to a Feynman graph with  n  vertices, which are
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connected with the loop C  and also with each other by the

r     22    -2"generalized propagator"  exp 2-9 y .dx.dx. 8_(x.-x.)1 .  IfC i Cll]Fl J J
we connect only neighboring vertices for a particular large  n,

then we obviously reproduce the fish-net theory of Sakita and

Virasoro.  However, this amounts to taking only  2n terms out

2
of the  n  terms in the exponent in the form of  T  and this is

a very small part of the amplitude in our model. A complex change.

of variables leads to an integration over a whole complex plane,

so that the dependence on C occurs only in the Jacobian of the0

transformation.  We expect that the  n 0 0 terms should not

depend critically on the external momenta  ka' except for the

n = 1 term. This terms leads to a "tennis raquet" diagram, with

each string representing a gluon line. A more detailed examination

of this diagram is in progress.

13. Dispersion Relations and Scattering from Deuterons.

(R. L. Goble)

The Glauber multiple scattering terms for scattering from

deuterons has been derived by using dispersion relations with

anomalous thresholds. This can provide a systematic method of

including relativistic corrections in the Glauber formalism.

It is also an illustration of what seems to be a fairly general

phenomenon, namely that dispersion relations, rather than
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Feynman graphs are the appropriate method of studying processes

in the classical limit (L. S. Brown and R. L. Goble, Phys. Rev.

173, 1505 (1968)). This may have implications for the study of

eikonal approximations.

].4. Meson-Meson Scattering, Current Algebra and Elastic Unitarity.

(R. Goble and L. S. Brown (Washington)).

Two generalizations of the very simple extrapolation.of

Weinberg's current algebra pion-pion scattering amplitude,

proposed 2-1/2 years ago (L. S. Brown and R. L. Goble, Phys. Rev.

Letters,  19,  630  (1967) )  have been made. In the early work

partial wave amplitudes satisfying current algebra were given the

simplest momentum dependence consistent with elastic unitarity.

For the P-wave, a single parameter form was introduced, with the

parameter fixed by having the phase shift be 90' at the mass of

the p meson.  The resulting P-wave amplitude had a width in

excellent agreement with experiment. We also presented zero-

parameter S-wave forms which were fairly small in the region

considered.

The first generalization is to use one-parameter forms for

the S-wave amplitude, to allow for the possibility (indicated

experimentally) of strong T=0 s-wave scattering. For a

reasonable range of values of the parameter we find a very broad
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enhancement of the T 0 s-wave amplitude above 700 MeV consistent

with the present, rather murky, experimental situation, though

not consistent with a narrow s-wave resonance. With this we

present a theoretical determination of the S and P-wave parameters

using crossing symmetry to impose restrictions on the amplitude

in the physical region. This gives a bootstrap differing

from the conventional bootstrap in that the scale of energy is

not determined by the mass of the pion, but by the pion decay

constant f  .  For  f  = 94 Mev we predict a p of mass about 625
71-                    7r

2 -
MeV, and coupling to pions of g - 1.75, a broad T=0

PTE /4T
S-wave enhancement at roughly the same energy, and small negative

T = 2 s-wave phase shifts.  We have neglected all higher partial

waves and higher spin states in the calculation. Current Algebra

provides no information about them. The inclusion of both of these

would raise these numbers, which suggests that the current algebra,

elastic unitarity and smooth behavior of amplitudes is sufficient

to provide a good qualitative description of pion-pion scattering

at low to moderate energies.

The second generalization is to the scattering of SU(3)

octets or nonets of Pseudoscalar mesons. Using the prescription

of Gell-Mann, Oakes and Renner (Phys. Rev. 175, 2195 (1969)) we

write the current algebra scattering amplitude and discuss its

range of validity.  The method is limited by the necessity for
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extrapolating to the meson masses, which for  K's and 77'sisalarge

range.  When the amplitude is unitarized we predict values for

K* and  $ widths consistent with experiment,    and a broad s-wave

T  =   1/2 KT enhancement. Finally we apply crossing conditions

to the amplitude and find bootstrap relations like those for the

pions.

15- Threshold Theory of Single Pion Production by Neutrinos

(H.  S.  Chen)

The low energy theorem for single pion production by neutrinos

has been derived by using hard pion techniques. The correspondence

between the low energy theorem and the Effective Lagrangian

approach has been established.  Comparison with experimental data

(mainly 33 isobar production) was attempted by taking an Effective

Lagrangian Model, so that the low energy limit is satisfied, and

enhancing the 33 amplitudes in the usual way. The best fit is

found with x = 0.5 and mA = 1.1 GeV, using the Wess and Zumino

(Phys. Rev. 163, 1727 (1967)) parameters. The results of the

theory agree with experiment within the large errors better than

do the earlier calculations of Salin (Nuov. Cim. 48, 506 (1967))

and Adler (Ann. Phys. (N.Y.) 50, 189 (1968)).
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16. Eikonal Approximations and Related Matters (S. Gasiorowicz)

The infinite momentum method developed by Chang and Ma

(Phys. Rev. 188, 2385 (1969)) has been combined with

functional 'derivative methods to derive in a very simple manner

the eikonal approximation. The Green's function for a high energy

particle in the presence of an arbitrary external vector potential

that carries away a bounded amount of momentum has the form

i 80x
G A 4-8    F dx  dx  d2x  d --{'=   J+ -

04 iqxg  id ge3(e J A  - (q)   )

Bx                                                                                        q_    tiE

3   trwhere the particle momentum is (po +p, £   , p o- p3)

= (J s,0,0) initially and (J s,8,0) finally.  The
-

eikonal approximation is derived by means of the formula

f dq (1) AF(q) (2)

6                       6

6A   (q)         6A   (q)
11                                     11

e                                       G{Al}G f82l  2J

Work has started on the calculation of pionization effects by

multiplying the Green's functions by a factor that describes

the creation of particle pairs by arbitrary external fields.

The functional method can also be used to clarify the
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difference between the Levy-Sucher form of the eikonal, and

  that derived by Fried and Gaisser.  In the latter form there is

one large momentum transfer, and this significantly changes.the

form of the amplitude.  An analysis of the approximations made

in deriving the Green's function show that, in contrast to

the "ph6ton" exchange terms, the calculation of. vertex corrections

( around a large momentum transfer vertex)   with   " soft" vector

mesons is an unreliable procedure, since corrections coming from

scalar mesons going across the vertex are of the same magnitude

as the vector meson corrections. Some of these results were

discussed in an invited talk at the International Conference on

Expectations for Particle Reactions at the New Accelerators,

April 1970, Madison, Wisconsin.

17. Intuitive Tests of Parity Conservation via Spin Polarization

Processes. (R. Saenger)

If parity is violated in a non-trivial way by the amplitudes

for a two-body scattering reaction, then it is shown that at

least one of the parity violating polarization correlation

(-)
measurements, M (e) (all of which would vanish in the casey 6,  48

of parity conserving amplitudes) is nonvanishing.  More precisely,
-I 1-1

it is shown that  '.  1 M' '
12   =    2 I F   1 2   IF- 12 where  F   andL I ya;,yB

1 +1
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F  are the parts of the scattering helicity matrix which are

even and odd under reflection, and  f M is the set of all(-)

L  76,)B J
parity violating correlations taken from an orthonormal basis

for the initial and final density matrices. The result is

quite general and applies, for example, to decay processes as

well.
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Publidations

The following publications were listed last year as preprints:

COO-1764-37 General Treatment of 7TIT -* TrAl ·in
the Veneziano

Model by J. Rosner and H. Suura, Phys. Rev. 187,

1905 (1969).

COO-1764-40 Effectiye Lagranqians and Field Alqebras with

Chiral Symmetry by S. Gasiorowicz and D. A. Geffen,

Rev. Mod. Phys. 41, 531 (1969).

COO-1764-41 Connection between F (t) and the Amplitudes for
If

717T -* lr'11- and 711T + 7TAl' D. A. Geffen, Phys. Rev.

Lett.  23,- 897  (1969) .

New publications.

COO-1764-83 Inelastic Resonances in the Pion Form Factor by

T. F. Walsh, Il. Nuovo Cim. LXVIIIA 469 (1970).

COO-1764-84 S-Channel Picture for Reggeon Couplings to

Baryons, by J. Rosner, Phys. Rev. Lett. 24, 173

(1970).

COO-1764-86 PROGRESS REPORT

COO-1764-87 Reggeon Couplings to Baryons by J. Rosner,

Phys. Rev., in press.
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COO-1764-88 Review of Exotic Mesons, J. Rosner, to be

published in Proceedings of the International

Conf. on Meson Spectroscopy, Philadelphia, May

1970, C. Baltay and A. Roeenfeld, Eds. Columbia

University Press, New York, 1970.

COO-1764-89 Quark graphs and angular distributions in

Positive-Parity Meson Decays, J. Rosner and

E. W. Colglazier, to be published.

COO-1764-90 Dual Resonance Theory with Nonlinear Traiectories.

M. Baker and D. D. Coon, Phys. Rev„, in press.

COO-1764-91 Effective Lagrangians and SU(3) x SU(3) Symmetry

Breaking, S. Gasiorowicz, Suppl. VI of Acta

Physica Austriaca, 1969.

COO-1764-92 A Survey of Weak Interactions, S. Gasiorowicz,

Ergebnesse der Exakten Naturwessenschaften, Vol.

52, pp. 1-33, Springer Verlag, Berlin 1970.

COO-1764-93 Field Theoretic Models for High Energy Processes

S. Gasiorowicz, (invited talk) published in

Proceedings of the International Conf. on Expecta-

tions for Particle Reactions at the New Acceleratorp

April 1970, Madison, Wisconsin.

COO-1764-94 Unstable Particles, Two-Body Inelastic Unitarity

and Veneziano's Model, N. F. Bali, D. Coon and

Jan W. Dash, Phys. Rev. Lett. 23, 900 (1969) .
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COO-1764-95 Conformal Invariant Scattering Amplitudes for

Spinless Particles, N. F. Bali, D. Coon and

Amnon Katz, J. Math. Phys. 10, 1813 (1969).

COO-1764-96 Quantization Conditions for Linear and Nonlinear

Trajectories, D. Coon, Phys. Rev. 186, 1422 (1969).

COO-1764-97 A.Resonance Crossing-Symmetric Confluent Hyper-

geometric Function Model with Complex Trajectories,

J. W. Dash, N. F. Bali and D. D. Coon, Nuovo

Cimento, 67, 54 (1970).

COO-1764-98 Rules for Constructing Generalizations of the

Veneziano N-point Function, M. Baker and D. Coon,

to be publ.

COO-1764-99 Loop Diagrams in Dual Resonance Theories with

Nonlinear Trajectories, M. Baker and D. Coon,

(to be published).

COO-1764-100 A Theorem on Intuitive Tests of Parity Conservation

via Spin Polarization Processes, R. M. Saenger.



42

III.  High Energy Experimental

The experimental group is engaged in the collection and

analysis of data obtained using scintillation counters and

associated optical spark chambers and also using the bubble

chamber technique.

Analysis of the data from a spark chamber measurement of

000large angle neutral meson   (11-  ,   1  ,   p   , fo) production was completed .

These data have been combined with existing elastic pion-proton

scattering data to provide some very rigid constraints an the

details of theoretical models used to describo the proce=goe.

Data taking was completed and preliminary analysis has begun

in an experiment to study the electromagnetic decays of neutral

2
mesons with masses less than 1.2 GeV/c . These decay modes provide

strong tests of the symmetry schemes for classifying the mesons,

and also for models, such as quark models, which are able to

generate these symmetries.

Data from a counter experiment on the scattering of pions

and protons on deuterium has provided a study of double scattering,

interference phenomena, and the D-state of the deuteron

wave-function.

Bubble chamber studies have included a reconsideration of the

existence of the H meson and a study of multipion production at

high momentum transfer.  The latter study is based on film
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obtained in an experiment with the rapid cycling bubble chamber

at the Princeton-Pennsylvania Accelerator operated in a triggered

mode.

10        Badkward  W- p Charge Exchange. (R. C. Chase, E. Coleman,

H. W. J. Courant, E. Marquit, E. W. Petraske, H. Romer,

K. Ruddick)

The analysis of this optical spark chamber experiment has

been completed and submitted for publication in Physical Review.

The experiment provided measurements of the differential

cross-section for Tr p charge exchange in the backward direction

at incident pion momenta of 2,3,4,5,6 GeV/c. By combining the data
+

with elastic ·n--p scattering data, it was possible to extract

values for the isotopic spin 1/2 and 3/2 components of the s-

and u-channel scattering amplitudes, and for the phases between

them, for backward pion-nucleon scattering.

The phase between the I = 1/2 and 3/2 u-channel amplitudes

shows considerable structure between u=0 and -1.0 (GeV/c)2,

in strong disagreement with that phase predicted by a simple

Regge baryon exchange model, except near the extreme backward

direction. The data agree qualitatively with a model in which

Regge cuts are incorporated.
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The phase between the s:channel I = 1/2 and 3/2 amplitudes

at 6 GeV/c is approximately constant and 90' from u=O t o

-1.0 (GeV/c)2, indicating a possible s-channel description of the

process. This constancy of the phase implies that the individual

helicity components of both amplitudes must change at the same

rate and that the polarisation for all backward pion-nucleon

processes must be similar at this momentum.

2.   Observation of backward V production. (R. C. Chase, E. Coleman,

H. W. J. Courant, E. Marquit, E. W. Petraske, H. Romer,

K. Ruddick)

This paper was published in Physics Letters 3OB, (659) 1969.

Evidence was presented for the existence of backward 90

production.  By taking the ratio between this cross-section, and

that for backward charge exchange, a value for the ratio of the

couplings   of  71   and ·Ir mesons   to  the NN system was obtained.     The

ratio was found to be in remarkable agreement with that predicted

by SU(6) symmetry  and by current algebra.
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3.      The  Reaction  7T-p  -D  n 71- 'IT-  at High Momentum Transfer

(R. C. Chase, E. Coleman, H. W. J. Courant, E. Marquit,

E. W. Petraske, H. Romer, K. Ruddick)

As a by-product of the experiment to measure backward 71- P

charge exchange, a study was made of production of  'Ir pairs

in the backward direction.  Strong p' and f' meson production

were observed. Differential cross-sections were deduced from

these data. The results have been submitted for publication

in the Physical Review Letters and a report was given at the 15th

International High .Energy Physics Conference, Kiev, Russia in

September 1970.

4.   Electromagnetic Decays of Mesons. (E. Harvey, E. Marquit,

E. Peterson, T. Rhoades, H. Romer, K. Ruddick, G. Satovich,

J. Smith, J. Tooley)

The data collection phase of an optical spark chamber

experiment to study electromagnetic decays of mesons was completed

at Argonne National Laboratory in July, 1970.  This experiment

was similar to previous experiments in that the gamma rays from

the decay of peripherally produced mesons from the reaction

-0
7T p 4 916£ were detected in the forward direction by a series of

thick plate spark chambers.  However, the resolution and
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sensitivity of such a system was considerably enhanced by the

detection   of the recoilling. neutron. The status of the various

studies in the experiment will be considered briefly.
-

a)         7T   p   -0   nyy.

The  decay  of  9'   4 yy  has been observed, along  with  the

well-known decays  of  7r'  and 17' mesons. Preliminary results

show  that the branching fraction for decay  of  n'   -0  27  is

1.7 * 0.6 per cent, significantly lower than the rate

determined in another experiment which yielded only four events.

These results have been reported in a paper presented at the

International High Energy Physics Conference, held in Kiev,

Russia, August-September 1970.

The  reaction  T  p  -0 n T'  will  be  used to calibrate the energy

dependence of the neutron detector, enabling all the data to be

expressed in the form of absolute differential cross-sections.

The resulting cross-section for E-p -* nn' will be based on

approximately four times the existing data at 3.65 GeV/c.
-b)   7r p -'37.

Film scanning and measurement is progressing rapidly.  We

00shall be able to detect the decays of vector mesons p , a ,

00 to Troy and 907 with a sensitivity more than one order of

magnitude better than previous studies. To date, a variety of

experiments have been able to detect only co' 0 7Toy of these six

decays.
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C)          71-   P   -0   n47.

Scanning and measurement are progressing rapidly. The

experiment will provide data on the effective mass of the

00isotopic spin 0 and 2 7r 7r system, which is vastly superior to

published data.  We shall be able to make a definitive statement

about the existence of the o meson which is seen as a very wide

+-structure in the T 71- effective mass spectrum, through

interference with the strong p' meson.  The p' meson does not
00decay  to  7T  7T   ,   and   thus   a very clean data sample is expected.

2Mass resolution will be approximately f 15 MeV/c  in the a

region.

d)            iT    p    -0   ny.

Measurement has not yet begun for this process. The reaction

has not been seen previously at high energies. The resolution

of the experiment should be sufficient to obtain a clean sample

of such events.

e)       r-p  -0  nK K-.

A small amount of data were obtained in order to establish

the production cross-section for the $ meson, which decays

principally to K K-.  A few per cent of the film has been

measured and as yet shows no clear evidence for $ production.

    However, the data appear to show evidence for the decay

fo  -0 K K- which  has  not  been seen before. The branching ratio
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for this decay is less than 3 per cent, as established by

bubble chamber experiments.

f)                 lr-  p     -*     n·ir 'ir   ,       nll- lr-  y,       nT+ E-yy.

Data were taken for these processes to determine production

0 +cross-sections for p (-*Ir 7r) and a)'(-*71-+11--lr) mesons.  Of

particular interest is the state 7T+Tr- y , which cannot easily be

+ -0distinguished from lT 'IT Tr in bubble chamber experiments.

Scanning and measurements for these processes is now under way.

5.   Elastic 71--p Scattering From 1.71 to 5.53 GeV/c

(R. Chase, E. Coleman, T. Rhoades and collaborators)

The Ir p elastic scattering differential cross section has

been measured for eighteen incident momenta from 1.71 to 5.53

GeV/c. The measurements were made near the forward direction;

and the statistical accuracy and resolution of these data are

equal to or greater than existing data. Many gaps are filled

in the energy dependence of the 7T p differential cross section.

bt
The parameter  b  in the fit of the data to the form do/dt =A e

has been determined at each of the incident momenta where  t  is

the four momentum transfer. A large enhancement in  b  as a

function of momentum is observed at a center of mass energy of

-2290 MeV.  The relationship of this enhancement in  b  with
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the enhancement of the total 71- p cross section at -2200 MeV is

discussed in terms of a simple phenomenological scattering

amplitude with contributions from diffraction scattering and

direct channel resonance formation. In particular, the D (2040),13

G  (2260), and H  (2245) nucleon resonances appear to be mainly17              19

responsible for the enhancements. The results have been sub-

mitted for publication in Physical Review.

6. Momentum Spectra in Hadron-Deuteron Interactions at High

Energy (R. Chase, E. Coleman, H. Courant, and L. Sillerud)

We have measured the doubly differential cross section

d20/dodp as a function of the final momentum of hadrons

incident on deuterons. Pion-deuteron collisions were measured

for negative pions of 5.53 GeV/c incident momentum and with

final momenta from 5.2 to 5.45 GeV/c in the laboratory.  Protons

of 2.784 GeV/c incident momentum scattered off deuterons and were

detected with final momenta from 2.35 to 2.66 GeV/c. Theoretical

2values of d a/dodp were determined via the Glauber approximation

neglecting particle production. The roles of double scattering

processes, interference phenomena and production processes have

been examined. The double scattering contribution was shown to

be less than 1% of the total scattering in both of the experimental

momentum ranges.  The interference between single and double
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scattering of the incident hadrow was shown to be small away

from the forward direction in contrast to elastic scattering at

comparable four momentum transfers. The pion production cross

section can be estimated from the difference between total

scattering cross section and the deuteron breakup cross sdction.

In the region of final pion momentum greater than 5.35 GeV/c,

we showed that the theoretical prediction agrees with the

experimental data.  Preliminary results will be published in

Physical Review Letters.

7.   Inelastic Backward pD Scattering at 1.70, 2.03 and 2.25 GeV/c.

(E. Coleman, L. Sillerud and collaborators)

The differential cross sections for inelastic scattering of

high energy protons off deuterons have been measured. The

statistical error of these measurements is less than 14.  The
*

backward scattering protons were detected from cos 6  = -0.900
* *

to cos e = -0.460 where e is the center-of-mass scattering

angle. These data are compared with the predictions of the

impulse approximation, and possible dynamical models are

investigated.
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8.   Restrictions on the D-state of the Deuteron Wave Function

(E. Coleman)

-

Recent data by our group on Tr- d and 7r p interactions

permit us to impose limits on the deteron wave function. Data

of good precision for elastic 71--d and elastic Tr p scattering

have been obtained  with  the same apparatus   for   the   same   T     beam.

Using charge symmetry the T n differential cross section has been

+assumed to equal the 71- p Cross section at the same momentum.

Employing the Glauber high energy approximation including double

scattering and spin dependence, the form of the deteron wave

function has been varied in the four momentum transfer region

which is most sensitive to the D-state component of the wave

function. The effect of the wave function on predictions of the

inelastic momentum spectrum was also considered.

9.   Multipion Production Via Baryon Exchange (B. Chaudhary,

E. Coleman, H. Courant, Y. Makdisi, E. Marquit, K. Ruddick,

and collaborators)

Positive pions incident upon a liquid deuterium bubble chamber

were observed to produce a fast forward proton and multipion final

states.  The forward produced proton was required to have momentum

comparable to that of the incident pion. Beam momenta of 1.8,
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2.0, 2.15, and 2.4 GeV/c were incident upon the PPA rapid cycling

bubble chamber. The reactions examined were:

+  -+7r d -0 T 71- pp (1)

+     - +0
T  d  4 7T 71- 71- pp (2)

+    - + +
'lTd  -D ·IT 71- 7T  pn

.
(3)

+     - + +071- d + T Tr 'IT 11- pn (4)

where the mass spectra of the final pions were investigated.

Preliminary results for the first two processes at 2.15 GeV/c

have been published.  The reactions (3) and (4) are being

studied  for  7Tp   and 7Tlt) final states. Strong forward peaking  of

the proton distribution indicates that a dominant role in these

reactions is played by baryon exchange mechanisms.

10.  The Fall of the H Meson (B. Chaudhary and E. Marquit)

+The  Michigan  T   d   data   at   3.65   GeV/c   from   the   20"   BNL

bubble chamber has been remeasured and reanalyzed. Three view

fitting programs instead of the two view programs of Benson et.al.

(PRL 16, 1177 (1966)) were used to test the original fitting

methods. The improved measurements suggested a considerably

smaller and broader enhancement in the H region which could be

consistent with no enhancement. Reexamination of the cuts on the

data indicate that the effect of the cut on the phase space
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background was underestimated by the Michigan group.  Furthermore,

division of the H region into the three pE combinations yields

41 p'1To, 90 p+Tr- and 34 0-7T+ events which is not consistent with

an isoscalar state. The results have been submitted for

publication.
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