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Search for Charge
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Electron momentum after radiator (GeV/c)

Figure 39. Electron momentum spectrum after passing through 0-91 radiation lengths
of carbon. The solid line is a theoretical curve, normalised to incident electron flux
and not to the experimental points.

The second part of the investigation consisted of measurements of the momenta
of individual electrons both before and after they had passed through one of a
variety of radiators (carbon, copper, etc). The ratio of the two can be compared
with the predictions of the bremsstrahlung theory. The measurements were made
using sonic spark chambers in two magnetic spectrometers working on-line to a
DDP 516 computer. A preliminary analysis of each event was made within
20 milliseconds of its occurrence and up-to-date histograms produced for display.
Records for approximately 200,000 events were also written on magnetic tape
for subsequent detailed analysis. The number of electrons incident on the
radiators during the course of the experiment was about 500,000. No effect

comparable to that reported in the bubble chamber experiment has been found;
see figure 39.

Final results are not yet available but it already appears that no breakdown of

quantum electrodynamics, or evidence for a new light particle will be found in this
experiment.

WESTFIELD COLLEGE, LONDON
. UNIVERSITY OF SUSSEX

HNUOHAB@EH 16 RUTHERFORD LABORATORY
An important insight into the interaction processes that occur in elementary
particle physics can be gained by applying and studying certain symmetry
principles. One asks whether the laws of physics remain unchanged when, for
example, a set of interacting particles are replaced by the equivalent set of anti-
particles (the operation C), or time is made to run backwards (the operation T),
or the world is viewed as reflected in a mirror (the parity operation P). The
surprising result of experiments testing these symmetry rules is that for the weak
Interaction the operations C, P, or CP each produce a new physical situation with
different physical behaviour. As a result of these findings our understanding of the
weak interaction has changed considerably.

There are now indications that the electromagnetic interaction may also lack
symmetry under the particle — antiparticle interchange operation C. If this
result were confirmed, it would have a fundamental impact on our model of the

electromagnetic interaction, which is thought to be very well understood and
symmetric under C.

This experiment tests C symmetry in the electromagnetic interaction by looking
at the decay of the eta meson:

n>wan’
The n* and 7~ are particle and antiparticle, and C symmetry requires that nature
should treat them both with equal respect. Thus if:

Nt = N(E™>E")i.e. the number of times the n*is more energetic than the 7, and
N-= N(E~> E'), then C symmetry implies:

N'- N~
= — =0
A N+ N~

The most recently published value for this quantity is:
A=1-5%* 0-5%

for a measured sample of 36,000 n decay events. This wm a H..nmc: with three
standard deviations of significance, and clearly requires confirmation.

The 78 group have set out to repeat this experiment and hope to o,cn.m::m .mvvnomw-
mately ten times as many events. The apparatus being zmn.m is shown in _mc_nm m
The n mesons to be studied are produced in En.v«oonmw mp > nn and are se M,Qn

from unwanted background by measuring the time of flight of the neutron WOE
the target to the ring of 60 neutron counters. An array of spark chambers
surrounds the hydrogen target and the whole is situated in a large electromagnet.
This allows the #* and 7~ mesons from the n decay to be detected and have their

energies measured.

Data taking started in September and to date a total of 600,000 events have Uonﬂ
recorded on magnetic tape. This represents about M.cﬁ, of wrn final nxvn..nﬁnmw total.
A preliminary analysis using simple helix fitting in a uniform magnetic Tnamam
determine the decay pion momenta indicates that some 12% of the events recorde

are useful n decays.
8 Vidicon Cameras.
(2 shown)
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-
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Figure 40. Schematic diagram of the apparatus used in Experiment 16 to study 7 decay.
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Figure 41. Plot of [(mass X)/(mass neutron)] Nlirnwn X is
the total missing neutral mass in the reaction 7 P>T o X,

06 0-8

Ratio of (mass X/mass N )? 540

(Experiment 16).
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Figure 42. Mass distribution of Z for the reaction
T p=nZ for events identified as etas. (Experiment 16).

+ —

Figure 41 shows the total missing neutral mass X in the reaction:

T'p-> X

at half height of this Peak is 4-5 MeV and this js the expected
width from the known experimental errors. This width s expected to decrease to
3 MeV when all available information is used. The background level from T
phase space is seen to be small.

WESTFIELD COLLEGE, LONDON

HN@@JB@EH 17 RUTHERFORD LABORATORY

The decay n » n°¢'e- s essentially forbidden;unless there is a charge conjugation
(C) violating component in the electromagnetic interaction this decay is immeasur-
ably rare. The allowed rate has been estimated as being of the order of 1049 of all
n decays. No decays of this kind have been observed; the current experimental
upper limitis 2 x 10~ of aJ] n decays. A reliable rate measurement of n » 7°ete™
is of comparable interest to the charge asymmetry in 5 - 77 7° (Experiment 16),
and a direct pointer to any C violation taking place through the electromagnetic

To detect this decay mode of the 7, the charge asymmetry experiment described
in Experiment 16 js modified by the addition of a large, three element gas
Cerenkov counter around the spark chambers. This detects the electrons or

positrons from the decay, and the event is labelled accordingly. Data is taken
concurrently with the asymmetry experiment.

A rate for this forbidden process comparable with the present upper limit will
give about 100 n > m°¢'e” events in the total data. In addition to these real
events about 5 background events will survive the full analysis.

UNIVERSITY COLLEGE, LONDON
UNIVERSITY OF BRISTOL .
UNIVERSITY OF LIVERPOO

m UQAB@ nt Hm RUTHERFORD LABORATORY
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Figure 44. Front view of the
steel v.::am and optical spark
Experiment 18. The steel pl

outline; the spark chambers
The positions of mirrors are
underneath the apparatus.
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A third aim is a measurement of the yield of mﬁwo:m_v\ interacting particles at large
angles from the primary p-p interaction. This is of interest in its own right .m:a is
also required in the interpretation of the single muon spectrum observed in the
search for the W particle. This yield study 2;._ be Bm@n using the wide m:m%n
spectrometer set on the opposite side of the intersection region, as shown in

figure 43.

The major parts of both detectors are designed and construction is under way.
It is w_mssom to commence installation at the ISR in April 1971 and the experi-
ment is expected to start in June of that year.

CEN, SACLAY.
COLLEGE DE FRANCE
. UNIVERSITY OF STRASBOURG

Experiment 19 RUTHERFORD LABORATORY
K~ mesons incident on protons combine to make composite baryonic states with
particular properties of strangeness -1 and isotopic spin 0 and 1. A resonance is
‘¢ormed’ when the total energy in the centre of momentum system corresponds
to the mass of the resonance. Such states decay by strong interaction (in a time of
the order of 1072* sec) into various final states which are observable in a bubble
chamber. Of particular interest, because of their simplicity, are the two body and
quasi-two body final states. By studying these final states the properties of .Hr.n
resonances such as mass, width, spin, parity, isotopic spin and their decay ampli-
tudes into each final state are derived.

The purpose of the experiment is primarily to make accurate measurements of
cross-sections, angular distributions, polarizations and decay distributions of the
final states. These data are then analysed to search for known or new resonances.
Finally these resonances are examined in relation to ﬁ.rmogno.& Bomw_m which
attempt to explain the whole spectrum of strongly interacting .vE,Sorww and
resonances, and whose validity rests on agreement with the increasingly accurate
experimental data. Of particular success is the symmetry scheme SU(3).

In this experiment 1,650,000 pictures of K p interactions at 13 energies mwwnoxm-
mately equally spaced in the interval 1915 to 2170 MeV were ﬁwwms at Nimrod
using the CEN, Saclay, hydrogen bubble chamber. From these pictures approxi-
mately 150,000 events have been measured.

The partial wave analyses of the two body final states

Kp->zr (1)
K p=>Ar (2)

Hﬁlﬁlv KN va

are now complete. Results for the first two reactions have been published.

Reaction (3) has two possible final states Kp->Kpand K p~ .HAOP called
elastic scattering and charge exchange respectively. The latter state 1s om_«\ seen
when the K° decays by the K{ mode into 7 * 7 in the bubble chamber. m._mcno 46
shows the spectrum of the missing mass squared for all events with just a K, decay
visible. In this spectrum the K°n events are clearly resolved.

The angular and polarization distributions are analysed in terms of amplitudes m.On
partial waves of different angular momentum. In this way resonances of definite
spin and parity can be isolated. The results are best displayed by .9@ >~.mm.:a
diagrams of the separate partial wave amplitudes (figure »..J. An amplitude which
describes an anticlockwise loop with increasing energy 1n such a diagram may
have an associated resonance.

Formation of Baryon
Resonances with
Strangeness =1 in

the Mass Range

1915 to 2170 MeV/c?
(ref. 10, 11, 71, 86, 87,
88, 89, 99, 105, 106).
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Figure 47(c) Argand diagram for partial waves in the
K ion of
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increasing energy. (Experiment 19).

Measured parameters of dominant resonances. (Experiment 19).

Resonance Channel Ex (MeV) I (MeV) XX
Kp->KN | 191015 70 + Ww w.wwwm.mw
> (1915 Kp~ = 1900 + 15 75 + —0-13+ 0
(1919 w.w - Am 1910 + 20 60 + 20 0-1 *0-02
Kp-> KN | 2025%15 | 20030 0-18 + 0-02
= (2030) wlw Ssn | 20%0+10 | 155+20 | —0-10+0-03
= 30+10 | 165 00 0-2 *0-02
K p—>An 2030 = 15
Kp~KN | 2100+15 | 300z 30 0-30 + 0-03
A(2100) Kp-Z2r | 2110+30 | 140%15 0-16 + 0-02
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Formation of

Baryon Resonances
with Strangeness - 1
in the Mass Range
1775 to 1960 MeV/c?
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Several less prominent resonances
in the A7 analysis and D

os and Fg, states in the KN, but t
firmation from other data

Quasi-two body final states.
channels

Kp-> Aw
K'p-> Y*(1385)r
K'p> K*(890)N

Angular and polarization distributions can

same way as for the simple two body chan
orientation of th

be obtained for these processes in the
nels. The angular distribution and spin
¢ resonance state are deduced from a study of the correlations
between the decay products and the production plane. Further information is pro-
vided in the Aw channel from an analysis of the A decay and the study of cross
correlations between this decay and the decay of the w resonance.

The formalism for a complete
setup and analysis started on
is available to perform an ene

partial wave analysis including all this data has been
the channels. First indications are that sufficient data
1gy independent analysis.

Experiment 20

RUTHERFORD LABORATORY

mately 100,000 events, about one third of the expected final total
been measured on the HPD

Figure 48. An example of a rare decay mode of the X+
photograph taken in the Saclay 81 cm Bubble Chamb

The reaction is K p - St followed by Zt > Ae™p

hyperon from a
er at Nimrod.

and A-pn~,

have been suggested, P;;, P,; and D,; states
hey all require con-

Progress is now being made on the analysis of the
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To obtain the total elastic scattering cross-section, the experimental differentia]
cross-section must be extrapolated to t = 0. Since this correction is sizable (about
30%), a variety of feasible extrapolations have been used to investigate the
sensitivity of the final result to the choice of functional form. The results quoted
in Table 12 have been obtained by extrapolating with a Legendre Polynomial
expansion fitted to the experimental centre of momentum angular distributions
in the range -1-0 < cos § < + 0-95. All of the coefficients are increasing with
energy as expected for a diffraction-like distribution exhibiting a forward peak

2
followed by a dip at fixed t. The form >ng et also gives a good fit to the
forward peak at all four momenta with b = 13-48 + 0-33,c =110 £ 1-3 and agrees
with the Legendre expansion when extrapolated to t = 0

The ratios of the real to imaginary part of the forward amplitude have been
estimated through the optical theorem using the total cross-section data of Abrams
et al.; these too are summarized in Table 12. This ratio, averaged over this rather
narrow energy range, is found to be 0-31 + 0-04 which agrees with the theoretical

predictions of Soding and of Bryan and Phillips. The possibility of measuring this

ratio arises through the capability of the bubble chamber technique to observe
small angle scatters.

Table 12
P lab. momentum 1-23 1-30 1-36 1-43
(GeV/c)
Oe milli-barns 433+ 1-0 415+ 1-0 42-2 + 0-9 41-8 + 0-9

Legendre

Coefficients

A, /A, 2:58+-06 | 2:62+-07 | 2:61%-06 | 265%-05
A, /A, kb 340+-09 | 3:53+-10 | 3:52+-08 | 3-63+-08
As /A, 341+-11 | 368+-12 | 367+-10 | 391+-10
Al /A, 2:77+-11 | 318%-13 | 319%-11 | 354+-10
A /A, 1-79£-11 | 2:29+-13 | 2:26+-11 273 +-10
Ag /Ao 095+ 11 | 1-39+-12 | 1-81+-10 | 1-80%-10
A, /A, 0-43+-10 | 0-76+-11 | 066+ -10 1-05 + -09
Ag /A, 0-16 £ -08 | 0-35 +-09 0-26 + -08 0-59 = -07
Ao /A, 0-01+-07 [ 0-14+-07 | 0-09 + -07 0-32 + -06
Ao /Ao -0-02+-04 | 0-03 + -04 0-01 + -04 0-16 + -04
Ay /A, -0-02+-03 | 0-02+-03 | 0-01+-03 0-06 + -03
do (0 b
|qgm|v oﬁi 626+ 33 | 631+ 31 585 + 25 61 + 22

2

Re H0) 005+ -05| 0-09%-05 | 0-04%-05 | 0-17+ -04

Im £(0)
do (ub/sr) 108 + 18 80+ 17 137 + 23 71+ 16
do

(-0-8 > cos 6 > -1-0)

i i i i .ﬂwosm

have also been studied:
pp->ppr. (1)
pp-pnrt  (2)
pp>mpr (3)

actions are presented in Table 13. Charge con-

The cross-sections for these three re o and ) e roe caual exoss

jugation invariance requires that reactions
hmnnnosm and this is satisfied by the data. |
i i i the following
N edominantly isospin 3,
i N and 7N states are pr
Assuming the =

relation between the cross-sections is ?.n&nﬁnmn

o (ppr°) =0 (Apr ) +0 (pn?)

A

sections are listed in Table 13.

Table 13
SINGLE PION PRODUCTION CROSS-SECTIONS
Final Stat Momentum (GeV/c) Number of Events | Cross-Section (kb)
inal State
¢ 1-23 239 www w Mw
PP 83 +
" 136 wmm 1011 + 54
WMM 513 1247 + 60
S b | e
nm *
1 o | B
WMM 241 586 + 39
94 207 + 22
R 150 355 + 32
v 136 +
136 174 459 + 36
www 266 646 + 42
1-23 - 1400 £ 70
NN e . - 2060 + 94
136 - 2780 + 110
8 | e
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Figure 51. The integrated K™p elastic cross-sections
shown as a function of K™ laboratory momentum.
(Experiment 22).

CEN, SACLAY
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RUTHERFORD LABORATORY

Experiment 22

The interactions of K~ mesons with protons at 14-25 + 0-10 GeV/c are being
studied. The aim of the experiment is exploratory since this is the highest energy
K experiment yet attempted. Of particular interest will be the production of

strange baryon and meson resonances against a relatively small ‘phase space
background’.

The film was obtained from CERN using the 2 m hydrogen bubble chamber in
the high momentum r.f. separated beam. The first instalment of 350,000 pictures
was taken in mid-1969 and measurement of the Rutherford Laboratory’s share of

Eom_ammnmwnzmmbwnou:&ﬂo.xw».E.Hrmn 400,000 pictures will be taken early in
1971.

First results on K™p elastic scattering were presented at the 15th International
Conference on High Energy Physics in Kiev and will be published soon. Most of
these events were measured on the Rutherford Laboratory HPD measuring
machine. On high momentum tracks, small residual distortions become as important
as other sources of measurement error, and after extensive study, an empirical

correction to the geometrical reconstruction was introduced to minimize these
effects.

The elastic differential cross-section, corrected for scanning losses, is displayed in
figure 50. The integrated elastic cross-section together with the results from other
high energy experiments is shown in figure 51. As is readily seen, the present
experiment has greatly reduced the error on this Cross-section at high energy,
emphasizing that the bubble chamber technique can be used efficiently for
studying elastic scattering in certain cases.

Physics analysis on the many other reaction channels available in high energy
K p interactions is now in progress.

do/dS2 (mb/sr)

UNIVERSITY OF BIRMINGHAM
UNIVERSITY OF DURHAM
RUTHERFORD LABORATORY
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i i ttering cross-section : :
el ol ot . h wmmﬁocm measurements using counter tech

. t t ir . W 1 .m .—A”N—:_.% H mw:mﬂﬁﬁwosw
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(Experiment 24).
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K d Interactions
at 1-45 and 1-65

GeV/c

(ref. 14, 18, 134)
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A phase shift analysis on the elastic data
at the Durham Conference.
data is to select strongly th
D33 and D35 waves where
The only significant depar
inelasticity of the S-wave.

The inelastic interactions at these momenta have also b
papers are in preparation for publication.
and the single pion production is show
A(1238). A detailed study of the sho
using the high statistics available has
analysis of the inelastic scattering in ter
shows remarkable agreement with the j
CERN phase shift solutions. Only the S-

now been completed. A partial wave
ms of 7A production has been made. It
ncident partial wave inelasticities of the

. wave requires a contribution from produc-
tion processes other than nA. This together with the increased inelasticity required

by the elastic partial wave analysis indicates the need for strong S-wave contri-
butions from other inelastic channels such as pN or 7N* even at these low
momenta. Figure 53 shows an isobar model fit to the data at 0-995 GeV/c.

ii) 1-1 to 1-7 GeV/c

The Cambridge film analysis group has joined Imperial College and Westfield
College in the analysis of 200K pictures of n¥p interactions obtained from the
15 m hydrogen bubble chamber at the Rutherford Laboratory. The film at

H.HOo/\\nrmmvnn: conventionally measured and that at 1-2 and 1-3 GeV/c has
been measured on the Imperial College HPD.

(iii) 0-8 to 1-25 GeV/c

To complete the study at momenta around 1 GeV

results reported in (i) above, 30K pictures were ta
0-8, 0-85, 115 and 1-25 GeV/

/c and investigate further the
ken at each of four momenta
¢ in the 1-5 m hydrogen bubble chamber.

UNIVERSITY OF BIRMINGHAM
UNIVERSITY OF EDINBURGH
UNIVERSITY OF GLASGOW

HN@@ EEOEH M ,m IMPERIAL COLLEGE, LONDON

This experiment was performed using an electrostatically separated beam of K~
particles incident on the Saclay 80 cm bubble chamb er, filled with liquid deuterium,

at the Rutherford Laboratory. The main purpose of this experiment is to study
the reaction

Kd-Ar"p (1)

Qnma:mﬁ:onnnomwwoﬁo:?oazﬁmn:ﬁ@d:mmm spectator and using the Impulse
Approximation to select events corresponding to

Kn->An~ (2)

This channel is important since it selects baryon states with strangeness -1 in a
pure isotopic spin state, ] = 1. A partial wave analysis on this reaction has been
carried out in which the parameters of the 2(2030) were determined; evidence

supporting the existence of an Z(1915) Fis, and new evidence for a Py,
resonance with a mass of 2080 MeV/c? was found.

has been completed and was presented
The analysis shows clearly that the effect of the new
e CERN phase shifts rather than those of Saclay in the
the two sets of solutions were in greatest disagreement.
ture from the CERN solutions is found in an increased

een fully analysed and
Partial cross-sections have been obtained

n to be dominated by production of the
rt-comings of simple production models

i le of events of type (1) where the proton
O R M mmﬂ“mmﬂwmwﬁwﬁwﬁwm obtained. In this sample arMnuan mwuwmw%mu
e R mnmooﬁ?n mass distribution at the position of Emﬂ, ; smmﬁm . nobu
wnmw. E.EQ >w~ ; found in K d interactions from 0 to 1 On<\nr Ennm,noﬁ e
nosmﬂﬁa eﬁmrnmm“ww a Ap resonance at 2130 MeV or with a thresho
sisten

$n system leading to Ap via the sequence

K d- =%nr n,
ztn= Ap

K n » K'n, has also been analysed in terms Mm wmiﬁwn%wmw.
lasticity of the £(2030) was found to be 17%. Mﬁﬂﬁn«ﬁ“ﬁ %_.msw e

o d bv K n interactions is in progress. In partic P

mﬁwﬁnM%wmmwunn d NG 520) are being determined and the general c

of 2 an

i i ied.
Y* production processes are being stud

Elastic scattering,

CEN, SACLAY
IMPERIAL COLLEGE, LONDON K'p
WESTFIELD COLLEGE, LONDON
NDON +
IMPERIAL COLLEGE, LO v K+d
] wmw WESTFIELD COLLEGE, LONDON
Experiment

ecause of their relevance to the Simple p:MM_M
far all of the observed experimental nmmoswa e
del, in which baryon states are compos€

constructed using a

K*N interactions are of interest b
Model of elementary vmna%.mm. MO i
I this m
trum is accommodated In ; on s
MWMMn quarks. Other possible baryon states which ca
) 3 b
larger number of quarks are termed ‘exotic’.

1 articular such
i i f great importance. One par
otic states is therefore o : . icular suth
in mmmun% Tw.wwxos with strangeness +1 called Nw_w swznr. % Wﬂwmmmmﬁmosm De
- M n MA+Z W:anaoa. Peaks have been seen in K H/Mcﬁwﬁ&nﬁwmmn o
mod.h“.w_ experiments have been set up to investigate the natur
seve

+ *d tions in the 2-3 GeV/c region.
This experiment is a survey of K'p and K™d interac

i iti f the third ‘Cool bump’

i n because it covers the position o ol bump”

MHENTMSNMNMLSMWOMWMMMSOE. All m<n5mv?m3 ﬂﬁmwwoammwmwmwwoevwmwmww otlens

i i analysed. The Imperia e 2 fege

NMw ESMMQMMM%WMM Mwﬁmrn Huwwvnim_ College HPD. This i1s therefore the firs
share we

i i evice.
completed experiment using that d

i +p » K**p as a function
dre polynomial coefficients for the reaction K'p > K*¥'p

Figure 54. Legen (Experiment 26).

of the kaon laboratory momentum.
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K*N Interactions
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Figure 55. An event taken from K™p fi ich di K
(et 263 om K*p film which displays the K® - K ° transition.

The K*d exposure, totalling 800 i
i rond g i roes nmmm. ,000 photographs, is now complete and scanning

Analysis of the K*p data is continui i
inuing. There is little evi -
MWWU\OM Hm05m=onv effects contributing to the ‘Cool UEMMWJMMMOM wwn“nm n%% MSM
Kot Momovw MWHMWMH Mﬁwnmm wm%.omn to show some perturbations in the vnrwiown of M.rn
n this region. An example of this is th i
fourth Legendre polynomial ffici P in figure 54, he aesifiosnce of
s i ot et cﬂ QMB.. coefficient shown in figure 54. The significance of

Figure i i i
Qmm.%m e Mwm%oim an interesting example, found in the K*p film, of the strangeness
on accompanying the decay of the K{ compo f " m
At the secondary interacti i : e ired. the preso:
&% the pecond action a A hyperon is created which required the presen
gative strangeness component K®, although the K* mesons can onl b ce
the positive strangeness K°. an only produce

i

HM@@SB@E 27 UNIVERSITY OF CAMBRIDGE
from an exposure of 112,000 np Interactions
A 8-3 GeV/c extracted proton from 1to 7-5 Ge V/c

Neutron-Proton interactions are being studied
metres from the chamber, (ref. 129, 133, 137)

pictures in the 1-5 m hydrogen bubble chamber.
beam incident on a Be target, approximately 7-8
was used to produce the neutron beam.

The final analysis of the following processes is now taking place (including data

from an earlier test run of 40,000 pictures):

(a) Single and Multiple Pion Production

np > PPT. _ _
> ppntnw

> pprtataTaTw

(b) Strange Particle Production

Ap K° and Z°pK’
zpkKt

Ap K*n and Z°p Ktn™
zpKnt

np

AR

mwﬁmﬁﬂﬁﬁm wm UNIVERSITY OF CAMBRIDGE

About 90,000 pictures containing on average two 3-prong events per picture were
taken in the 1:5 m hydrogen bubble chamber in November 1970 using an improved
design of neutron beam. The neutrons are contained within a band 2 cm wide.

n-p Interactions
from 1to 3-5 GeV/c

It is proposed to study the following processes with high statistics:

np > PPT_
-  ppm aol
- vs:+a

These account for about 75% of the 3-prong events. »%mnox.:sman; 40% of the
observed 3-prong events are expected to be np > pnrtr and higher momentum
data suggest that at least one half of the events in this nrw5=n._ can be .nxv_mﬁ.nm
in terms of the process np ~ A™(1236) AT+(1236), the A being associated with

the neutron vertex.
The strange particle production processes

np - ApK® and z°pK°®
~ = pK*'

will also be studied chiefly with a view to observing the variation of cross-section

with momentum near threshold.
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UNIVERSITY COLLE
“OLLEGE, LO
TUFTS UNIVERSITY, USA e

Experiment 29 UNIVERSITY OF BRUSSELS

ii) Pair Energy Anomaly

and E, for the incoming beam momentum an enhancement In

Writing k = p,+P_
k/E  was found at values around 0-83.

the distribution of the ratio

K Interactions ata Th i
e heavy liquid bubbl i
£ A vy liq ubble chamber is particularly usef i
Ry i M ﬁrMmMWMM.WMOMMwwnM because of its high y-ray MOSMMMMMMHMW .mmﬁons.g of electro-
I Ll n s s being visible in the ch 3 | erficiency, l.e. ¥y > ee
o L il the ¢ omEvQ.. Interactions involvi :
| Bubble Chamber particles and nnmoswu:anaAMMmﬁo% el L T oy tng Uomﬂuusm < mons, N et
_ (ref. 41) can be studied. i

GeV/c electrons suffering

of K mesons,
d an enhancement in the

geness -1 and -2 which under-go radiative decay

e 1 L//]

nal to initial momentum of 1

A plot of the ratio of fi
energy losses in the hydrogen bubble chamber showe

-
-

range 0-16 to 0-22.

For this experimen
t the chamber was fil i
average y-ray conversion efficiency of 55 va led with a propane-freon mixture with

The main aims are:

(1) to find the lifetim
G k e of theg® b .
E° decay ° to fix the decay p omwﬁm method which uses the v-rays from the

(i) to study the A - A i
= int i
resonances. eraction and the properties of the = ~ and = *

iii) t °
(iii) to search for X° and ¢ neutral decays and radiative Y* decays

One publicati
ton has now been
i roduce . .
pieces of work are nearing ooBE%&o: d from this experiment and two other

About 250,000 pictures from a variety of production oOd&ﬁOSmiQaaanbwz
April 1970 with a view to studying these processes with much better statistics.

Analysis and measurement is still in progress.

UNIVERSITY COLLEGE, LONDON

CERN

muunﬁmﬁw ment ww RUTHERFORD LABORATORY

ines the advantages of the hydrogen

bubble Development of the

,,
| A Russian group had repo .
they had observed in %n a%n‘w Mﬂ ,MM.% particle with a mass of 1327 MeV/c? which The track sensitive target facility comb
ant mass spectrum in associated production chamber with those of the heavy liquid chamber. Beam particle interactions occur Neon-Hydrogen
in a region of pure hydrogen so that the advantages of interaction with a free Track Sensitive
reserved. The hydrogen is contained Target Facility = ﬂ

66

Anomalies in
Electromagnetic

(ref. 65, 66, 125)

events with a pion be .
am In a pro
three of the : propane chamber. A scan .
collaborating laboratories has shown that wmowcm%ﬁ of our film by
a state exists its

cross-section for producti - f
less thiasr 100 gb, production by K collisions on nucleons at 2-2 GeV/c is much
uc

The sample of
events for our =2° lifeti
and measured com E  lifetime measurement ha
likelihood Eomnmaw_ﬁ&%n Background studies and Eizm-m :wwzﬁwgs scanned
are in progress. Three such programs w:m,\n Un maximum
een written

:Q WV :A.M n _.v\ U% e .ﬂ o1labo Ho S NL:M [of M— X 10 % on = ((—: _-@

Over 400 events wi
with two A h
measured. Prelimi 1yperons and an associat + o
spectrum wnﬁmmrmﬁ,_zmnw. mubm_vﬁm confirms earlier Hnmcﬂw Mrm:w NMN w\u/mzn been
ongly close to the th . e AA mass
a decav-c . : e threshold. The st i
y-correlation analysis to be carried out. Hmmmﬁw_wmﬂgwma oMoﬁmr o
ow whether an

Experim
ent
M.wo UNIVERSITY OF CAMBRIDGE

(i)  Pair a-Anomaly

« is defined as (p, -
nd - + wlv\@++v.lv where p, and
and negative tracks of the pairs which ﬂwﬂd vmumwmwmvﬂv\uwomaawmwoﬁ En. positive
ays originating

in the chamber be :
am entry wi ..
energy losses. y windows where incident 1 GeV/c electrons suffered

d simple production kinematics are p
bag within the main chamber which is filled with a heavy liquid

d hydrogen. This heavy liquid is efficient for the detection of
d £° particles produced in the

h the hydrogen and the

proton an
in a perspex
mixture of neon an
. . o o
gamma rays arising from the decay of =, n~ an
target. Operating conditions can be achieved where bot
neon-hydrogen mixture are simultaneously sensitive.

Work has continued during 1970 on the development of this facility in the 1-5m
chamber. In collaboration with the operations group the filling problems associated
with neon-hydrogen mixtures in the range 35 to 50 mole percent neon have been
investigated. Using 700 MeV/c to 780 MeV/c protons which stop in the mixture and
the range momentum relationship, it has been shown that the density of the

mixture in the chamber agrees with that predicted from the filling technique. This
has been checked by comparing the energy loss in the liquid with that in 2 known
thickness of aluminium absorber placed in front of the chamber. Furthermore by
measuring the range as a function of beam height

in the chamber it has been
shown that a uniform mixture with a variation of less than +1%4% is obtained.

Because of the development work necessary it was not possible to take physics
pictures for Proposal No. 66 during the year. This proposal was to use the heavy
ic decays of polarized

liquid as an electron detector to allow the study of the leptoni
A hyperons produced by 1-040 GeV/c m_ interactions on hydrogen in the target.
During 1970 however analysed a large number

the CERN spark chamber group has
of AB-decay events using a f the delay in

different technique so that, in view 0
starting physics with the target. Proposal No. 66 has been withdrawn.

start the physics programme using the target in 1971 with
lement the 4 GeV/c n1d experiment

It is now proposed to
and H mesons in vmiwnimw.

a study of 4 GeV/c :+® interactions to comp
in progress. This proposal should yield data on the A,
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| UNIVERSITY OF BIRMINGHAM
i UNIVERSITY OF SURREY

NMROD. nACTON
. HODOSCOPE [} a3 /N.E..E. i”
T
f Experiment 32 RUTHERFORD LABORATORY i\, b Mt 10 /@ - £
Al 1
;_ 1 o (04 = /|
| Total Reaction This is believed to be the first experiment to be carried out on Nimrod with the HALO COUNTER & couLiMATOR ﬁ
f Cross-Sections for  object of gaining information about the properties and structure of atomic nuclej oisc
, ‘ Pions on Nuclei rather than the properties and interactions of elementary particles. BrosTon nnm_.mm% 2 W«
! 4
| The experiment, which is currently in the final stages of setting up and testing of | ‘./ e ¥ s
| apparatus, is to measure the total reaction cross-sections for 77 and 7~ mesons on a , ey X it
| range of nuclei at energies in the region between 0-5 and 2-0 GeV. The eventual | Countens N coonren SAMI-TVPE T BENONG MAGNETS g
i . . . . . . Al ‘
| aim of these measurements is to obtain further information about the density *

distribution of neutrons in nuclei, a currently controversial topic in nuclear
structure physics.

In heavy nuclei both #* and 7~ mesons are strongly absorbed in the nuclear

manaoﬁEo€n<9,,mmmon.gnvmo:tscn_nosnoﬁm_wmmnnos cross-sections (o ), the
ratio:

o (1) _ og(r'n)
OR Aaﬂ og (7 n)

mainly absorbed by neutrons and the 7~ by protons. Hence the ratio of the total

is much greater than 1 then in the surface region the 7t will be

-+
reaction cross-sections for pion — nucleus interactions R = M&Tﬂw will be
og (7=

sensitive to the properties of the surface region around the 50% density point and
in particular to the relative distributions of neutrons and protons. The ratio R has
been measured before for 700 MeV 7% and 7~ mesons, giving R = 2-6, but the
measurement was only made for lead and at one pion energy. In the present
experiment these measurements will be repeated and extended to cover both a
wide range of nuclei and a number of pion energies.

The experiment is being set up in a slightly modified version of the K8 beam line
now designated 710. A DISC Cerenkov counter is used to distinguish between
protons and n* mesons and a threshold Cerenkov counter used to reject electrons
and muons. The latter counter will also be used to measure the pion beam momenta.
The experiment itself (figure 56) consists of a ‘bad-geometry’ transmission measure-
ment in which the number of particles transmitted through the target is measured
as a function of the solid angle subtended by the elements of an array of scintilla-
tion counters. Problems have arisen in previous transmission counter arrays due to
the detection of charged particles by Cerenkov light emitted in the plastic light-
guides between the scintillators and associated photomultipliers. The present
design, which is described in more detail in the instrumentation section, uses air
light guides and a carefully chosen geometry which gives a detection efficiency of

greater than 99-95% over the surface of the scintillator and to within 1 mm of
the edge.

The scalers will be interfaced using the CAMAC system to a PDP-8 computer which

will be used for on-line checking of the results. It is hoped to start data taking in
the first quarter of 1971.

This experiment is also being carried out in close collaboration with the theoretical
nuclear physics group at the University of Surrey who have written the computer
programmes which will be required to interpret the results in terms of neutron
density distributions. This group has also very fully investigated the theoretical
justification for this experiment and several of the corrections which have to be

applied to the simplified theory to take into account the Fermi momenta and
correlations of the nucleons in the nucleus.

XXz ¥ ¥2.- MULTIWIRE PROPORTIONAL COUNTERS

o ' ' COUNTERS
TRANSHISSION COUNTER BEAM ‘TRIMMING

DEFINING COUNTER

beam-line in Hall 2 and the apparatus used

i di 10
6. A schematic diagram of the rod. (Experiment 32).

Figure 5 riment on Nim

in the nuclear structure expe

R, RISLEY
UNIV. RES. REACTOR,
UNIVERSITY OF 2—>ZOEMmeW
] t Mww RUTHERFORD LABORATO

mxmu@ﬂwaﬂs i he formation A Search for

lived super-heavy nuclei due to the O e nocry Elements
e et wﬁww» mwg a closed shell of neutrons at N= )
mecor theoretical speculation. For some super- .

years have been predicted.

The possibl
of a W_omnm shell of protons at

ecently been the topic o I
WM&W nuclei half-lives of as long as 10

if they exist,
ing these new elements, if t X
t methods of producing th heavy ions
?OU_ME_W\ oﬁs ; MMRMWMHM@M heavy element Samﬂm wﬁﬁ a W”Mw MMMMM<¢Q€0M= the
wolr € to Coulomb barrier ]
1 t of the Go lerators
et wanwww mWWWMMMn%—? At present there are few, if any, acce
target nuclel

giving directly very heavy-ion beams of sufficient energy.

mv T

. irradiated by very high energy
i targets irradiate
i ndary reactions 1n . from tungsten
clements by using MM ﬂvrn: m«w GeV protons are &mmﬁnmﬂw\ mnmﬁnnﬂn%nm manmﬁnnmﬁrmz
. For examp i lei will have en . .
protons 45° the recoil nuc Inclastic
: ter than sten nuclei. In
nuclei at angles grea i hich exists between two tung hen
. lomb barrier which €xX ments could perhaps the
the H. 0 On<<mmm,w give fast recoil nuclei. Super-heavy elemen P
reactions ma

m

heavy nucleus in the target.

ther

; te them from the o

: . nuclei and to separate thel i
identify the super-heavy ictions that ele

In oﬁﬁ_, to _QMWS Nsn target it is necessary to rely on the pred

material prese

’ ’ ’ 4 b ’

m_v respe« { —<ﬂ_w\- (—@Nm—: € the _—N. a €O %‘wwwwOB N.OHHCH.H %NAvmnw
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super-heavy elements.
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Fi .
igure 57. Alpha particle spectra measured with the H

Figure (A) and (B) were .
obtained over i
the sour i periods of 406 and 236 . .
e e OMommw_w.Ena mn.oB the second tungsten target. Figure Aow:::.m ..nmvm.n:ﬁ_% with
ours with the source from the first tungsten target was ontained over a
et.

g sources from Experiment 32,

Three cylindri

by wvowﬁuwmmﬂmm _H% :%me MMHWMW%MW\n/wﬂo: obtained after each has been irradiated
o . ate

the CERN Proton Synchrotron. €V energy in one of the extracted beams from

then made on After chemical separation
Pt, Au, Hg, T1 and Pb sources vnmvmunw from ﬁrMMM NMMWoMsnEm were
ets.

The most interesti
sting results to date h
for spon 2 to date have come from the H
the mWnOszﬁnMMm M_mﬁos activity has been obtained from %HMMM”%.
given nsnoﬁmmu.wmmnmw M_w.ﬁmnﬂm:% preliminary measurements on Emnmu
) s. 1t does not s li

to a cont - eem likely that the

aminant. The first target does not mnnaw“ to mroiomwwwﬂ,wm

taneous fission — this
. may perhaps be due to t :
that the target is considerably older than the ommm MM\MH&@ thickness

Clear evidence
prepared from
ird target have
activity is due
ence for spon-
or to the fact

In measurements of th
e alpha particle
source there i i spectra from both the fi
6-75 MeV AMWH%MHMMSM NWM. %v mm)ocm oﬂ alpha particles TNMMMM%MMMMMOMW
it is beli ’ . Again, although with . . .
is believed that the observed alpha particles are ,H_wwwﬂwﬂw_mw s case
any con-

gBEmi.HWnan .
el gy of 6-73 MeV .
dictions for element 119, the roBM v mﬁ omeO LM good agreement with several pre-

Other i
Bnmmﬁmﬁmﬂnnaoam to try to confirm the above results
N B,n_&nn H.Vn Z or the A of the decaying nucleus are wm
S0 1n progress on the other sources (Pt, Au
’ ’

and to endeavour to
preparation. Measure-
Tl and Pb) together with
produced in the tungsten

QUEEN MARY COLLEGE, LONDON
AERE, HARWELL
RUTHER FORD LABORATORY

Experiment 34

The purpose of this experiment is to study the b
n+p-ntpty In order to learn about the nucleon-nucleon 1
where the initial and final state energies of the two nucleons are not the same, the
so-called ‘off-the-energy-shell’ elements of the two nucleon interaction. Calcula-
tions of the cross-section for this reaction using different parameterizations of the
nucleon-nucleon interaction, which fit the elastic scattering equally well, show
different predictions for the bremsstrahlung cross-section. A precise measurement
of the npy cross-section will therefore differentiate between the various nucleon-

nucleon potentials currently in use.

The plan of the experiment is shown in figure 58. A neutron beam is produced by
peeling off the proton beam from the AERE 110 in synchro-cyclotron onto a
beryllium target. The neutron beam is collimated and allowed to strike a liquid
hydrogen target. An event is defined by coincidence between a neutron and proton
arm on opposite sides of the beam at non conjugate angles, i.c. B(P, P, P3); (NWN).
Proton arms were at 20°, 32°, and the neutron arms at 23°,26°, 29° and 38° on
both sides of the beam. For each event several parameters are measured including
the incident time-of-flight of the neutron, the pulse height recorded in P; which
gives the proton energy, the time-of-flight of the final state neutron, and the proton
time-of-flight between P, and P,. This information, plus identification of the
proton and neutron arm which fired, is read into a DDP-516 computer via a
CAMAC interface and stored on magnetic tape for later analysis.

With this system data taking has been completed for the'npy experiment and is
presently being analysed. Initial setting up for this experiment included a precision
measurement of the n-p elastic scattering cross-section for neutrons of 130 MeV.
These data have now been analysed and the relative cross-section is compared with
previous measurements in figure 59. The relative accuracy for our measurements

is 3-5%.

With only slight modifications in the experimental set-up data has been taken for
the elastic neutron scattering from deuterium and a kinematically complete experi-

ment on the reaction d(n, np)n is in progress.

Fig. 58. Schematic diagram of the apparatus used in Experiment 34, to study n+p~>n+p+y.
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Sn'i? 118, 119,120 44 97 MeV, as little elastic scattering work has previously been

Harwell m<5050-0<&o$o=. as been obtained on the d(n, 2n)p

_ §
| -
I 3
i . KING’S COLLEGE, LONDON
| Experiment 35 WEST HAM COLLEGE OF TECHNOLOGY -
i UNIVERSITY OF BIRMINGHAM =
i UNIVERSITY OF KENT ..m w“
,“ Medium Energy The backward angle data measured on the Proton Linear Accelerator (PLA), for |w mk
1 Nuclear Reaction the scattering of 50 MeV protons from Be, C, N and O nuclei have been analysed = 9
[ Studies using the simple Optical Model. An improvement in the quality of the fits and N
better systematics in the parameters from nucleus to nucleus have been obtained . s .
_ by means of an unconventional absorption geometry, which has a dip in the ~— Regular optical Boa_o_*“: T
| radial distribution. The application of this geometry to other nuclei is being --- Reformulated model fi )
, - . . . . )
; R particular to Zm. Aland . 1-0 I . . ) , m_o 3‘%550 Figure 61. Fits to the polarization data for the reaction \
l Differential cross-sections and polarization measurements for 30 and 50 MeV 10 20 30 40 ; Sm® (p,p) Sm 1%, (Experiment 35). 3
W, protons scattered from Cu®* * and of 50 MeV protons from Sm!*® taken with c.m. scattering angle (degree :
I the double focussing magnetic spectrometer on the PLA, have been analysed in
| terms of the standard and reformulated optical models. These data provide the ) 3 MeV helions (He® ions) from Fe%* w:m
,“” first test of the latter at 50 MeV and typical fits to the Sm'*® data are shown in Flastic and inelastic scattering of 5 m% in order to provide more information
i figures 60 and 61. Sm!# have been investigated on the VEC m th nuclei. This accurate data has
| the interaction of complex vmaﬁn_mw. wi lv present in complex particle
, Cross-section and asymmetry measurements have been made for the inelastic o B some of the ambiguities usually pr e,
| y try ts hav. N m helped to overcome
,_, scattering of 30 MeV protons from the lowest 2+ and 3~ states of Zn®% 56 68 and scattering analysis.
V_, the first 2% states of Mo%% 94 9, 100 Tpe analysis has been in terms of the Blair- died on the Harwell Tandem Generator
_; Sherif model, in which the full grad term is used in the spin-orbit interaction The reaction Fe** (h, d) Fe®® has been stu A—uww is to investigate J dependence n
(figure 62). The Mo elastic scattering data have been analysed with an optical using 18 MeV helions. The aim of Em Sawm on on the helion spin orbit inter-
model with a surface peaked real central term, and the results are being interpreted these reactions and to obtain more Inior
microscopically. action. _
H . : scattering experiments on the 150 Za./\ IJ
Angular distributions have been measured on the Variable Energy Cyclotron The group has participated in :Q:Wo: consisted of p (n, py)n and n-d elastic # >
, (VEC) for deuteron elastic scattering from Sn''% 118 124 54 90 MeV and These have v

done in this mass region with deuterons.

More evidence has been found to
favour a 100 MeV real well depth, mainly

by comparing the resulting nuclear

C . onh
scattering experiments. Preliminary information

. oq o1° . . .

/

r : ; Experiment 34). d
1l matter parameters with those obtained from proton scattering. . 643 and Zn®®3 ™ data. —.— Blair-Sherif |
i Fig. 62. Fitsto Zn 3 ¢ T8~ simple radial term __
_ Fig. 59. The n-p elastic scattering cross-section for 60. Fits to the differential cross-section data for the 203" model. ___ no spin %n radial term BgQ = 1:25Breal. .,
, neutrons of 130 MeV measured in Experiment 34, reaction Sm'*® (p,p) Sm!*® with standard and reformu- 08 " Bso = u real. -m. simap ﬂ
compared with a previous measurement. lated optical models. (Experiment 35). (Experiment 3 )- r
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New Models for
High-Energy
Scattering.

(ref. 6, 7.)

Theoretical High Energy Physics

Th i

Homw z”rM%wmﬂ MMMW M%MMW on wriin Mmsmn of current problems, particularly in the
. — the confrontation of t i i is 1

thoroughly appropriate at the Rutherford bmvowmﬁowmwg S S

The int i i i i
st QHMMW& theorists with experimenters was furthered by a series of informal
<n=nwa~:o Zomm_m WW The Coseners House. The subjects were the Multi- E.mow
el, Physics for the Omega Spectrometer, and Eo:-Z:n_mo:anmo :
n-

ances. About thirty partici
articipants from Eur i
opean centres were invited i
There was also the usual summer visitor programme tedin cach case.

Th i
e annual December conference this year was displaced into the first week of

January, 1971. Over 200 ici i
Janpany, 17 physicists attended, mainly from British universities and

The following brief accounts gives some idea of the interests of the group

Wh

HrnnwmﬁmeNo Om/w_mﬁ.wzwroa\ moom._n.wmﬂow. started working, more than doublin

Qomm-mmnmo:MZW able energy, surprising new results began to appear. The ﬂoam

increasing asﬁ.mow. mﬁ%iﬂwm nManwnoM ﬂﬁ e ﬂrmm m had been steadily falling with
o go on fallin

constant values above 30 GeV. This raised at least %,WOSM—MM%MHW& tolexsl off, gt

(i) What new theoretical ingredient explains this levelling-off ?

(ii) Since the K* ion i
p cross-section is apparently constant u i i
. . p to the highest
measured so far (20 GeV) and is considerably below the new MOMMHMMM Wm,d.lw

value, what has happened t
: . o the Pomeranchuk theore i
totic equality for these two cross-sections ? 8 Rk pymp

Th i
ENM w%%ﬂﬂ”%c“aoﬁwmﬂms _M, dﬁﬂw m.mm.nm. One of the assumptions on which it rests
. o 1s theorem is an int i ibili
o : eresting possibility.
: bn%nmn MMMMM m.:& Mmmmnw cuts Hrwﬁ provide the usual Fsmcmwnvmon~me~o~w~mmw~w~=ﬁrmwm
gy ering, happen to satisfy the Pomeranchuk theorem. So if the Hmmﬁg.mmm

b

WMMMWHWMMM. .M\n mﬁdmﬁw\ Moémnﬂcwn that whatever puts a kink in the K p cross-
seetor ws Q:wmw omﬂ ehaviour from a steady fall to a levelling-off, may also put
R resion wheors %mm oss-section and cause it to start rising beyond 30 GeV. say —
onti b rescven &oﬂ.«\nﬁwnns Bﬂaﬁ&. Hb. this way the Pomeranchuk Hmnow.ma
again there are Ewn«w Mvﬂmmwmvmmwww mW%MMWHn Emﬂnn_mﬁ.: o et T
ponent in the cross-section (behaving like In omw.:%an ”H%wm,mmowcwﬂ% Mnlmw”%mﬁn%ﬂw.
a

impart a kink. Compl. i illati
impa mplex Regge poles can give oscillations — repeated kinks, as it

for other quantitit
es yet unmeasured, so that futur i
. . . . n
and Batavia will help to distinguish v@.gmnb them i

that the phase of the amplitude for forward K;~> Kg

near -3m/4, and experiments in the 2-8 GeV  Regeneration Phase
range confirm this value. However, preliminary results from Serpukhov suggest (ref. 5)

that the phase may change quite rapidly at higher energy, reaching perhaps

-m/4 at 40 GeV. It is interesting to see if any of the new models being proposed

to explain high energy cross-sections can also explain such a phase rotation.
h violation of the Pomeranchuk theorem, the phase

Several of them can. Wit )
should go asymptotically to zero; whether it goes through -m/4 at 40 or 400 GeV
is not determined — there is still a lot of freedom in such models. Models based

on complex Regge poles also give a phase rotation, in the positive sense as ob-

served.

Simple Regge pole theory predicts
Kjp - Kgp regeneration should be

ctions ab — cd and cb - ad, of which the first The Line
d the second a rotating phase, on the basis of Reversal Puzzle
dual Regge poles predict the two cross-

sections to be equal. Experimentally, however, the cross-section corresponding

to the real phase seems always to be larger than the one corresponding to the

rotating phase and this inequality is quantitatively significant for the hyper-

charge exchange processes. Modification of the Regge poles in terms of absorptive

cuts generates an inequality, but in the wrong direction. If on the other hand

the Regge poles are modified, in terms of colliding cuts, then the real amplitude

gives the larger cross-section as observed. In fact a model based on pole-cut

oollision seems to fit the cross-section difference and polarization measurements

quantiatively for hypercharge exchange processes.

There are a set of line reversed rea
1s nannﬁm to have a real phase an
dual Regge pole theory. Moreover,

Van Hove Plots
(ref. 75)

The Van Hove Plot projects out the longitudinal components of phase-space which
at high energy appear experimentally to contain most of the dynamical informa-
tion while reducing the dimensionality of the problem. By this means several pro-
duction processes were analysed in terms of a model which includes both Regge
pole exchanges and their related phases at high subenergies and possible resonance
formation at low energies. Besides Pomeron exchange, this analysis also stressed
the importance of pion exchange in these reactions at the energies considered.

ing the observed SU(3) Symmetry
(ref. 85)

SU(3) has proved to be a very successful symmetry in classify
particle spectrum and in relating three particle couplings. However the applica-
tion of SU(3) predictions to scattering processes is difficult if the energies at
which the comparisons are to be made are not specified. Prescriptions which
involve superposing the thresholds in different reactions are only partially
successful. For resonance decay, of course, the predictions are made at the
resonance pole. Moreover the resonance masses can be prescribed by a simple
formula, the Gell Mann-Okubo formula. It is natural therefore to try to extend
this to a formula involving the energies at which comparison is to be made,
this formula reducing to the Gell Mann-Okubo mass formula at the resonance
poles. This prescription has been found to be successful in relating scattering

ﬁHOOmwwnm.

By treating SU(3) as a non-linear symmetry realised by the appearance of mass- Nen-Linear SU(3)
Jess scalar mesons in the symmetry limit, and imposing Regge asymptotics on Symmetry

the scattering amplitudes of the theory, the usual algebraic consequences of
SU(3) for vertices and masses are recovered. In addition there are new dynamical
consequences for the couplings of a nonet of scalar mesons or perhaps instead

for the tensor nonet of Regge trajectories ata = 0.
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Background to

One-Pion Exchange,

and

Vector Dominance

(ref. 58)

Threshold Sum Rules

from Unitarity

(ref. 79)

CP Non-Invariance
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n some Radiative
K Decays

..Ewn :oﬂ.woaw wm vm—.n&n exchange goes back to the foundation of our subject;
E?nn&. it is in this mnno=%.=.< role as ‘virtual’ quanta to mediate forces ,Ungnnb.
M er @E&ﬁnm rather than in Enm.n primary role as free quanta, that a number of
>om.o= particles, notably pions, first impinged on our thinking (Yukawa, 1935)
: om MW menwsoinw the Hﬂzmnr& the force resulting from particle exchange mm Hn_mﬁnm
anged mass by the ‘Uncertainty Principle’, i.e. Range =h
. , Le. =h/(M
Hma the rm”ﬂnm.ﬁ quanta ooﬂnmvwzm to the longest range. It mmm for a\ﬂMm ammwww:nvﬁrww
nx.wnrm”%mwm .HM- M_mwﬁnmﬁ strongly interacting particle, occupies a key place among
| . egge-picture’ of high energy exchanges predicts
mﬂ::_.m energy annsmnﬁnn for pion exchange than mmun qm._v<m_ Bnnﬂmﬁmﬂwwwﬂﬂﬂw
the less, pion exchange is conspicuous up to the highest observed energies. ,

Di-oi . .

. vmos @«o&:nnos and charged pion photo-production appear to be dominated

QMQ»MM v%d M.xnrm.:mn mﬁ_ small momentum transfer. In respect of di-pion pro

, this fact is exploited to infer 7 n elasti i .
O e T 1C scattering parameters upon
y important and widely ramifying th i icti
from the notions of chirali i i-pi e ot caseally o
ality and duality (di-pion production i i
only source of detailed 7 7 scattering i fon). In order for e nferimees
ring information). In order f lid i

to be made the background to i s 1 fercto Ao
: one pion exchange has to be understood

earlier, a simplified expression f e e ied

. . or the small t background has b

involving rather few parameters. On fitti is para e 1o dataiiin
! . On fitting this parameterization t

nvo ) . o data at a

o WMM Mmm. MMMM. Han:Mwwm M.M..% simple behaviour for the transversely polarized
bac as noted. This was subsequently shown t f

predictions of the absorption model and the * i i P Do made

. ] e ‘gauge invariant elastic ’
and to be in agreement with ‘Vector UoBmsmEum,.m e Born’ model

MMM %MMMEMM MMMMWWMS hﬂwgﬁm several no%m.Qmmam on the partial wave amplitudes
. e converted into corresponding sum rules for th u

cross channel absorptive parts of scattering amplit mv .Hrm cobwergénth
and FESR relations (which are nosmn@cgnmm o%? y Mm. “of fixed poles i the
angular momentum plane) and the unitary sum EM ’ wﬂs.wrn%m il Srovthoy
typical examples. It has been shown that the unitari y oNs&W%M e bereaaered
MMW@M& MMNMWSW\MO MzB rules for the crossed channel Wgoﬂ@ﬁ?n v“ﬂﬁww MHWMOMMM
the re %o: MMN; Mr nomﬁﬁrzwro_m..: has been shown, using the t-channel unitarity
Q:nmro_m,mg 0 mVHM\n_.“nn. %39& wave m m scattering amplitude evaluated at
s St aL 4 mﬂmm es .m:& it has a known first derivative with respect to
g Enon: at the point ¢ - ._\N. These properties imply sum rule con-
or the crossed channel absorptive part for t fixed at threshold. The sum

N.C.u.nm HMN.C@ G@@N— Nuw&%mom WAVH. mm wnmﬁﬁﬂuu:. . —_—nw__ nu:mum— N—:v: HAV A:——n"— M:Avﬁumwmmnww

W . L .
ork on possible CP-noninvariant effects in radiative 7* decays has been extended

ur m 9@ no

A . .
¥ mw\mmm.%hwo_ M:&w\ %mww: ﬁo.mm:u_n tests for T- and CPT-invariances in the decays
eutral kaons in vacuum has be ied i
e e en carried out. The importance of
. eir implications for the sym i i

o . : ] ymmetry properties of inter-
2 oﬂwsw o_cn_ﬁ%m different selection rules have been pointed omﬁ %Tnmn no:maoﬂmw-
mcvnmSMM% ﬁnr ] MM:: Mrm wwsos\: data on neutral kaon decays, lend support to the
. y o -nonconservation. Limits on i

: . . onser . possible CPT-(and T- -
invariance of different interactions in neutral kaon decays are also Unmﬁ@ mﬁ:wmw% '

Calculation of the anomalous magnetic moments of the nucleon from dispersion
relations in the photon mass squared requires a knowledge of 7 m > NN scattering
below the physical threshold. On the other hand if we disperse in the nucleon
mass squared, what is required is 7N elastic scattering and 7N photoproduction
data in the physical region, so sidewise dispersion relations provide a better hope
of calculating these quantities. Although the threshold region does not provide
a satisfactory result, when the resonance region up to the limit of present scatter-
ing data is included, the experimental values of the magnetic moments are approxi-

mated.

Most scattering data refer to initial states of charged particles while in many cases
the final states also involve charged particles. This means that a detailed study of
these scattering processes entails treatment of both the strong and the electro-

magnetic interactions.

The inter-connection of the two interactions can be used to probe the electro-
magnetic structure of the scattered particles in simple cases such as ntN->7xN.
Alternatively, in the case of very accurate experiments this inter-connection must
be taken into account when attempting to isolate information on the strong

interaction.

The formulation for dealing with this situation has been developed for low energy
N scattering and it is being extended to cope with the low energy KN system.

Over the past few years the number of known particles and resonances has grown
considerably, for example about ten years ago data compilations listed some
seventeen states, now they list eighty with many more suspected to exist.

For the case of baryon resonances this increase has been largely due to the success-
ful exploitation of the technique known as phase shift analysis. In this, one essen-
tially analyses accurate two body scattering data in terms of amplitudes of known
quantum numbers (spin, parity, isotopic spin etc.). By performing these anlyses
at closely spaced mass intervals one is able to investigate structure which may be
present and (hopefully!) isolate the resonant states. The major success to date
with this technique has been in the field of pion-nucleon scattering below 2 GeV
where the number of resonance states has grown from 4 in 1960 to 15 in 1970,
with indications that there may still be more. The Rutherford Laboratory experi-
mental teams have, since 1965, contributed of the order of half of the total world
data used in these analyses, a very fine achievement. Currently Rutherford
Laboratory teams (K13GC, CERN SC23, K14A, 79, K15, K8) are engaged in
measuring further pion nucleon two body scattering data to a far higher precision
than obtained previously. Such data will go a long way to providing a complete
picture of two body N scattering below, say, 2 GeV, and when fully analysed

should ?.o&&n a wealth of new inf ormation.

At various times past members of the theory group have collaborated with experi-
mental teams in phase shift analysing two body scattering data. In the last year
these collaborators have been active in analysing both pion nucleon and kaon

nucleon data.

Currently much attention has been focused on K*p scattering because here is a
direct way of looking for strangeness + 1 resonances. A scheme which has been
very successful in classifying known resonances is the quark model, where one
invokes triplets of fractionally charged quarks to construct the baryon and their
excited resonant states. The simplest of these models cannot easily accommodate
low mass strangeness + 1 resonances, and so a strong test of such a model is

whether such resonances exist. Recently, University College London have obtained

Sidewise Dispersion
Relations

(ref. 38)

Baryon Resonances

(ref. 67)

Coulomb Corrections
(ref. 52, 53)

‘Exotic’ Resonances

(ref. 4, 80)
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Hyperon Resonances

78

The A, Meson

The Y, (1405)

preliminary elastic K*p scattering data between 1-4

: : : -4 and 2-3 GeV/c. Analysi
mmﬂm data ﬁomnﬂwﬂ. with previous data has shown that a complete \QomanWMM OM
mm currently available data can be obtained which does not require the m@. "
of a strangeness + 1 resonance, at least with a mass less than 2-3 GeV Hstenee

A .
m<mwaﬂo~%h%mhqw~”<m< rm._m. w_mo been made of the situation regarding the K*p
s geness resonances, suggesti
5 . , suggestions were made as to what mi
the most valuable experiments to perform next. Further K*p mxvmian%ﬁﬂ

work is being performed at the Ruth
it oo staty foesited e Rutherford Laboratory (K12, K15), the results

Memb i
:cﬁnow.mmww MM.NHAWOW% mmocv are also working on an analysis of strangeness -1 kaon
g. Systematic experimental data are i i
range for the strangeness -1 s e e vt
. ystem for most two body final states. Th i
possible two body final states are related vi arity (i cervation of proba.
0 ed via unitarity ( i
e bt sy e y (i.e. conservation of proba-
. yses performed to date which take i i
relation have been restricted to th i 20 MV, Workts mon
e mass region below 1520 MeV. Work i
: . is
MM”WH way to extend such analyses into the mass range 1520 to 1720 ?M%w,\
qnmosﬁ_“mb«.\ Mnmwwwa states are believed to exist. Values of the decay rates of Em
es into the various two body channels wi i
lous t s will be obtained th i
of relevance to the classification (e.g. in the quark models) of mﬂnmw MMMMMHQ being

There is much work still to be done with the technique of phase shift analysis

and, if the past i ; .
coming. P progress is any guide, many exciting results should be forth-

oH~ .o, . :
EmMm Mw nﬂwﬁwcﬂowﬁm Mwﬁﬁ%:m problems of the past year has been to understand the
P e A, meson. Interest was aroused whe
. : S n the mass spectrum
M__Mm%n meson, ?oacmnm in the reaction 7 p — A, p, was found nov have EwM
el ﬁrw\?mwmm%ﬁﬂ @Mﬂwm with Hr.n separation between the peaks approximately equal
o HTQMEnxwm.ﬁ ) e most widely accepted explanation of this phenomenon was
et e €M ual. 2 mesons lying close in mass which interfere destruc-
tively produce the dip. Of course the existence of a second spin two meson
m<BBnWM~mMme:< :H:QnmSWm questions as to its nature and the existence of its
rtners. In a subsequent experiment th Ay i
a fact that could be explai ithi ettt the Erodnerior
plained within the two meson hypothesis i ion
of the A, meson included an i i B b auld
an 1sospi ibuti
change sign between A, and As Wwwmw“ﬂ“wa%m.bna eMWomM o ommerion
. nd A, . This would change the producti
wwwwm. 85@2.@ %o destructive interference for the >M This W:o&& WSEQ M_NM
ain the indications that A3 is split. Ho : i
n . . However a recent exper i
the A, at a much high o PR
: gher production energy has an unspli is i
the A, . . . plit mass plot and this is
onsistent with the simple picture presented above. It ansm%bm to be seen

whether a plausible explanation of thi : . L
two meson hypothesis is tenable at w:.um pew data is forthcoming or if indeed the

T - =
iﬂwnmcwﬁzmvm:&%mnm of low energy KN scattering data parametrize the Y¥ (1405)
les between the Z7 and KN thresholds, as a virtual bound Yo ,
channels. However if the Y (1405) is i ‘ isoscalar mem ot
SO L s i) 0. ( v is Eanﬁuangﬂn& as an isoscalar member of an
by the w:osv MB: tiplet 2:7. ol:.g_ excitation L = (1 ) it should be produced
e istce HTN m MMMMO%MHWO%MB Emm& to Mrn N%wﬁn:on of the complete super-
s . ‘be produced mainly by the KN and Zn cha
wﬁwom%mﬁw\”” oM mwrﬁmr_oi energy KN mm.ﬁm.u:osmsW different production Bnormwﬂwnﬂw
Sirong %m at the Y (1405) is indeed a virtual bound state of the KN and
annels and thus casts doubt on its supermultiplet interpretation.

- doublets along the leading trajectories. A feature of this model is that from one

The infinite resonance spectrum given by the Veneziano model is perhaps sugges- Absorption from -
tive that the model already includes the effect of numerous coupled channels. This the Veneziano
hypothesis was used to determine the m and 7K inelasticity parameters below 2 Model
GeV from a partial wave dispersion relation. Approximating the integral over the (ref. 31)
left hand singularities by its Veneziano model equivalent, and assuming some
plausible forms for the real parts of the phase-shifts, it was found there 1s con-
siderable absorption above 1 GeV in the non-exotic channels.
Dual Model for

Since the introduction of the Veneziano model for meson-meson scattering,
several attempts have been made to construct a similar dual model for meson-
baryon scattering. Among other difficulties, the apparent absence of parity
doublets for leading baryon resonances is not easily reproduced. Recently, a
prescription has been given for eliminating unwanted parity partners by introduc-
ing fixed J-plane cuts and constructing functions with poles in 8% rather than in S.
It is not clear, however that the resulting dual models can lead to a good descrip-

tion of nN scattering.

7N Scattering

(ref. 76)

We have constructed explicitly a dual model which does not possess parity
input trajectory it naturally produces two sets of degenerate baryon trajectories,
half a unit apart. Mathematically it is simpler than previous models and we are
able to analytically continue it to the physical region.

An analysis has been carried out on a class of meson-baryon scattering processes A Unitarised
using a form of unitarised Veneziano model. Unitarity is partly described by Veneziano Model
introducing all the coupled two-particle channels which are related to each other  (7ef. 73)

by the requirements of SU(8), duality, factorisation and absence of exotics. The

Pomeron is interpreted as multi-particle absorptive corrections rather than as a

t-channel exchange. The F/D ratio plays a particularly crucial role in understanding

the behaviour of various reactions. To describe hypercharge exchange reactions,

exchange-degeneracy breaking mechanisms are considered and evaluated.

Phenomenology
based on the
Veneziano Model

(ref. 74)

Since its introduction two years ago much work has been done on the Veneziano
model (this model was briefly discussed in the 1969 Annual Report). Despite its
still rather serious drawbacks (e.g. it does not conserve probability, that is it does
not obey unitarity) it is beginning to be used as a basis for ﬁwnsoan:owom»nw_ data
fitting. One main area of application has been on 2 to 3 body reactions where
early work showed (in one specific case) that a reasonable description of a lot of
data could be obtained in a simple fashion (much to everyone’s surprise!). A
collaboration of theorists from CERN, Oxford and the Rutherford Laboratory
have applied these ideas to all reactions involving the particles KYK ™7 "pil and
their charge conjugates. A qualitative description using a rather simple functional
form has been obtained of a large body of data involving these particles. Also
some interesting questions have been thrown up from this analysis concerning the
dual nature of the pion Regge trajectory with low energy baryon resonances. By
dual one means that in some sense a description of scattering data can eitner be in
terms of the pion Regge trajectory or in terms of a sum of baryon resonances. It
has been shown by the analysis that possibly the pion trajectory is not dual to

known baryon resonances.

Antiproton

The annihilation of antiprotons on nucleons are being investigated. A description
Annihilation

of the 3-meson final state in terms of invariant amplitudes has been found, and is

being used to inter-relate the various pp and pn final states.
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