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1.

INTRODUCTION

The research in Particle Physics, Institute of Physics, University of Stockholm,
will be presented in this report. Analysis of experiments, where the measurements
have been finished, has continued. This is the case with 19 GeV/c pd, 19 GeV/c
strange particle reactions and 9.1 Ge V/c pp reactions.
The experiments being processed are
(i)

4 GeV/c ff'p, CERN 2 m HBC, Bergen-CERN-Madrid-Paris-Stockholm

(ii)

12 GeV/c pp, CERN 2 m HBC, Amsterdam-Helsinki-Liverpool-Stockholm

(Hi)

lOOGeV/cpd, Fermilaö 30" DBC, Liverpool-Stockholm-Vanderbilt

(iv)

12 GeV/c pd, CERN 2 m DBC, Helsinki-Stockholm-Strasbourg

Approved experiments are
(v)

Dileptons in 70 GeV/c pp, BEBC (Big European Bubble Chamber) with TST
(Track Sensitive Target) and EMI (External
Muon Identifier), BrUssels-Helsinki-Liverpool Mons-Stockholm, Summer 1978

Proposed experiments are
(vi)

70 GeV/c pp in BEBC, Helsinki-Liverpool-Mons-Stockholm

(vii)

Proposal for a high statistics study of p p interactions at 100 GeV/c with the
Fermilab 30-inch hydrogen bubble chamber spectrometer and external
particle identifier, Fermilab 30" hybrid HBC, Cambridge UK-FermilabMichigan State University-Stockholm

(viii)

Experiments for the EHS (European Hybrid Spectrometer) system.
Proposals are being prepared.

The electronics for the BEBC scanning table and the ENETRA manual measuring
machine have been almost finished during the year. The software remains to be
done.
The EHS system will be the main instrument for experiments in the 1980's performed by the Stockholm group. Prof. Gösta Ekspong, doc. Per Carlson and
d o c Erik Johansson at CERN devote part of their time to the EHS project. Stockholm has mainly been engaged in the aerogel detector part of the system.

The 100 GeV/c pd experiment has required program developments, which are of
direct use for the EHS. The program chain is the same. Stockholm has contributed
to the software development and participated in the software work-shop.
The large amount of work done on the analysis of the present experiments will not
be discussed in this introduction as it is fully described in the following sections.
The work of the Spiral Reader technical group is given in a separate section. The
group is now responsible for all the scanning and measuring equipments (4 SHIVA
scanning tables, 1 BEBC scanning table, 1 ENETRA manual measuring machine and
1 Spiral Reader). The Spiral Reader computer PDP-9 has been upgraded to a XVM200 system.
The developments in particle physics are very rapid and profound. The studies have
therefore been intensified during the year and regular courses in quark physics
(S. Nilsson) and lepton physics (N. Yamdagni) have been given at the institute.
The projects under active study or finished during 1977 are described in the following sections.

2.

THE 19 Ge V/c PROTON- DEUTERON EXPERIMENT

Two papers which have been presented in earlier annual reports have been
published during 1977 [ l , 2 ] .
Two other papers [3, 4 ] , the topics of which have been presented in 1976 annual
report, have been submitted for publication.
In [3] we performed a cross channel isospin amplitude analysis of the reaction
NN - N(NTT)

(1)

in terms of the three isospin amplitudes M.1T (I, I = 0, 1/2; 1, 1/2; 1, 3/2),
where I and I are the isospins of the exchange and the Ntr system respectively.
Both the mass- and t-dependence of the three amplitudes were determined. If the
isospin amplitudes M. /„ and M_ ,„ are dominated by pion exchange, then these
amplitudes should be similar (neglecting off mass shell effects) to the corresponding amplitudes determined from the reactions
tr p - n p

(2)

In [5] we have used the results of [3] and made a comparison between those two
sets of amplitudes and some of the results are shown in Fig. 1. From a direct
comparison it is reasonable to conclude that ^-exchange plays an important role
in isovector exchange production of Nff systems in an I = 1/2 state in the reaction
(1). There is an indication of increasing contributions from other exchanges as the
energy becomes larger.
The reaction
NN -

(3)

has also been studied by means of the method of cross channel isospin amplitude
analysis [ 6 ] . Data from pp and pd reactions at 19 GeV/c have been used to determine
the isospin cross sections and the interference terms in a double exchange representation M 1 2 , where 1^ and I2 are the isospin of the two exchanges (see figure
below). The results have been compared with similar analyses of other three-body
final states in NN interactions. We have used available cross sections at other
energies above 6 GeV to study the energy dependence of the isospin amplitudes.

N,,
(I l t I2) = (0, 1), (1, 1), (1, 2)

By assuming the parametrization m. = k. • p . } - , , £.. = const , where m. are the
1

1
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1

isospin cross sections and p.. the normalized interference terms, we are able to
describe all available cross sections from 6 to 1500 GeV/c. The (0,1) exchange
cross section goes like P^KX*" a n d the (1,1) exchange like pT*« » whereas the
(1,2) exchange is small and has a steep energy dependence. The diffractive
process of (0,1) exchange is the leading mechanism above 20 GeV, while double

I

isovector exchange is dominating at lower energies.
The study of the phenomenon of diffraction dissociation has in recent years been
intensified. We have studied the reaction pn -• ppjr* at 19 GeV/c f 7 ] . It is dominated
by the process where the neutron dissociates into pit and the behaviour of this
system indicates a complex nature.
The mass of the pit system is confined to small values and exhibits a sharp peak
at 1.3 GeV. The shape of the mass distribution is strongly dependent on the four
momentum transfer and the decay angles. There is some evidence for resonance
production which becomes relatively stronger for larger |t| and when the proton
goes in the forward direction in the pit system.
The four momentum transfer to the ptt~ system shows strong dependence on the
mass as well as on the Gottfried-Jackson angle 6
especially large, ~26(GeV/c)

The forward slope is

for small masses in the central cos8_- interval,

-0.5 < cos9_ T < 0.5, and becomes small for cos9-,T«s+ 1.
OJ
OJ
Analysis of the decay angles reveals that higher partial waves become more important with increasing mass. For small jt| only partial waves with I * 2 contribute
significantly while this is not the case for larger | t | .
From a comparison of the predictions of a simple double Regge pole model with
data for the decay ingles we find that there is a considerable exchange contribution
for small momentum transfers to the pit' system (Fig. 2).

Two inclusive studies of pn reactions at 19 GeV/c have been made. One concerns
charged particle multiplicity distributions [ S] and another [9] neutron fragmentation in the reaction
(4)

p n - px

The total cross section for three or more prongs is measured to be 42.4 ± 0.3 mb.
The pn charged multiplicity distribution is determined from the data by taking into
account rescattering, which is found to constitute 1 8 . 5 ± 1 . 5 % o f the above cross
section. The average pn charge multiplicity is (n > = 3.53 ± 0.12.
c po
Fig. 3 shows the multiplicity at 19 GeV/c We have found that the pn multiplicity
distribution is shiften towards lower multiplicities with respect to the pp distribution. This is especially salient for low multiplicities and is probably due to the fact
that low multiplicities are dominated by diffractive processes.
o

The cross section for neutron fragmentation events with t < 1 (GeV/c) has been
determined to 6.7 ± 0.2 mb. From a comparison with data at high energies at
2
fixed M / s and t we have found that the results are consistent with the triple-Regge
model.
The study of a possible AA admixture in the deuteron (described in earlier annual
reports) has been extended to a complete investigation of different types of rescattering effects in the deuteron [10]. We have found that there are contributions
to the total rescattering effect both from scattering of beamlike particles as well as
of target like particles on the "spectator nucleon".
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3. STRANGE PARTICLES IN 19 GeV/c PROTON-PROTON INTERACTIONS
During 1977 three papers have been published1.
2.
3.

Single particle properties of A and K from 19 GeV/c proton-proton inters
actions. (USIP 77-11)
Correlations between neutral strange particles from proton-proton interactions at 19 GeV/c. (USIP 77-27)
Polarization of Ahyperons produced in pp collisions at 19 GeV/c.
(Helsinki report series in physics No. 129 (1977)).

During 1977 the work on investigating the inclusive properties of K and Ahas
continued. In paper 1 we have studied the single particle properties of A and K
produced in the semi-inclusive reactions pp - AK^ + X . We find that the K°
meson has the characteristics of a "produced" p:.rt;ele with a longitudinal momentum component that, on the average, is not very much larger than the transverse
component. There are only minor differences : userved in the single particle
distributions for the K° from K°K° and AK° pairs. The spectra for the K° from
K°K°- and AK° pairs are similar to those of the inclusive K°. This suggests that
the K° or K° properties are not very sensitive to whether the second strange
particle produced is another kaon or a hyperon.
The hyperon exhibits the features of a "leading" particle with a major part of its
momentum in the longitudinal direction. The A hyperon is more peripheral when it
is produced together with a K than when it is produced together with a K° meson.
This observation is in accordance with a fragmentation picture of the proton-proton
collision. We have also shown that the single particle spectra of the K° meson from
s
the semi-inclusive reactions considered are nicely reproduced by a peripheral
phase space model (PERPS) assuming the final states NNKK4ir and ANK4T respectively. Similarly, the single particle distributions of the A hyperon are, for
specified prongnumbers, reasonable well described by the model.
In paper 2 we show that there is a strong dynamical correlation between A and K
o ++
and between the kaons produced in the semi-inclusive reactions pp - AK + X and
pp — K K + X .In order to see any effect data must be displayed in two dimensional
*

*

distributions. In Fig. 1 we have plotted <X(K°)) vs X(A), X = PT / P m , , The
s

LJ

Tnax

observed correlation can be understood in terms of the PERPS model used in paper 1.
For large values of X(A) the observed correlation is negative, but considering the
extent of deviation from the predictions of Lorenz invariant phase space (LIPS)
(dashed curve) and PERPS model one finds that the dynamical positive correlation
is in fact strongest in this region. For the K°K° pairs we find that when they are
s s
produced centrally they have a strong tendency to go together. Fig. 2 shows the

10
distribution of the rapidity gap IY -Y | of the events for which | Y (K°) | £ 0 . 2 .
The distribution is much narrower than the overall distribution. The correlation
length is 0.73±0.03 for the overall K K sample and 0.5 for the selected sample.
s s
This indicates that strangeness is conserved over small rapidity gaps.
In paper 3 we have studied the polarization of the A hyperon. Nonzero polarization
oi inclusively studied A hyperons has been measured earlier in the reaction
p + Be — A + X at 300 GeV/c . The polarization was found to increase monotonically from zero at transverse momentum P_, = 0 to 0.28 at P = 1 . 5 GeV/c.
1
±

In other pp experiments, all in bubble chambers, in the momentum range 6.6-300
GeV/c, polarization is consistent with zero. However, the statistics is poor in these
experiments. The polarization P» = P . n of the A is determined from its weak
decay by calculating P . = (3/»)- <cosS) where 9 is the angle between the normal of
the production plane (n) and the momentum of the decay proton in the A rest frame,
anda = 0.647. The polarization thus obtained is shown in Fig. 3 as a function of X
and P T - It is consistent with zero for P_ < 0.6 GeV/c but begins to decrease at
larger transverse momenta. As a function of X, P . is seen to be consistent with
zero for |X( A) | < 0.8 GeV/c and then to increase rapidly. The result at high transverse momenta is similar to the findings in the 300 GeV experiment, although there
the polarization deviates trom zero also at small P™. As a possible explanation for
the results at 300 GeV it has been suggested that the polarization arises from
nuclear effects. Our observation shows that this cannot be the sole origin for the
polarization of the A
We are still investigating the semi-inclusive reactions considered in paper 1 and 2
in order to get a deeper understanding of the production mechanisms.
In Fig. 4 we show some interesting effects. Fig. 4a shows the strangeness distribution in the AK sample as a function of the rapidity Y. Naively one would expect it
to be zero over the whole rapidity interval. In Fig. 4b we have plotted
R =CT(pp- AK+ + X+)/CT(pp - AK° + X**) as a function of X( A) for different prong
s
numbers. The ratio R has a multiplicity dependence not expected from kinematical
considerations. Further analysis of the data will be performed during 1978.

G. BUNCE et al. Phys. Rev. Letters 36 (1976) 1113-
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4.

ANTIPROTON-PROTON REACTIONS AT 9.1 GeV/c

The analysis of this experiment has continued this year along the same line of
research as earlier.
During 1977 the following papers have appeared in print.
1.

Cross sections of annihilation and inelastic final states for pp interactions
at 9.1 GeV/c [15].
Topological and channel cross sections are given for annihilation and inelastic final states produced. Cross sections for prominent resonances in
specific channels and IF , p and A

inclusive cross sections are also pres-

ented.
2.

Experimental tests of the factorization predictions for p - A

at 9.1 GeV/c

[16].
2
2
Predictions for the double differential cross section d cr/dt d(M /s) for the
V ++
fragmentation process p -• å based on the single-Regge limit of the
Mueller-Regge theory are examined. Allowing for the important influence
of kinematic effects the theory appears to be reasonably successful. The
assumption that the annihilation process is responsible for the failure of
P IF- , is thereby
similar predictions in the case of fragmentation of pions, p —
supported.
The following papers are submitted to Nuclear Physics and are accepted for
publication.
3.

Study of the reaction pp - pu)p at 9.1 GeV/c [17] .
The reaction pp -• pprr IF 77 has been studied. The cross section is 2.04 ± 0.04
mb. The cross section pp - ptop is 0.17 ± 0.02 mb. The p. .--dependence
-0 9±0 2
LAB
of this cross section is pT '_ ' . This rules out a double Regge pole exchange model with a Pomeron trajectory.
The properties of pu)(ujp) system have been studied. The events consists of
least mass combinations where 53 % are u)-events and background. The background has been estimated from the interpolated plot of the adjacent regions
and the channels pnff it if~ (pnff IF ir~) with w-cut in the 3ti mass.
The average background has been subtracted from the least mass combination
and the resulting histogram free from background is shown in Fig. 1. The
solid line is a fit of Breit-Wigner and cylindrical phase space and dotted line
is cylindrical phase space. The pcc(U)p) system forms a l"w mass enhancement with mass 1780 ± 20 GeV/c 2 and width 145 ± 70 GeV/'e2.
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4.

Mechanisms in pp annihilation and their possible relation to e e annihilation [18].
In the annihilation pp — 2ff 2ir for incident antiprotons with momenta 2.5 and
4.6 GeV/c it was shown that the dominant mechanism was the emission of a
leading n (n ) meson which preferentially followed the p(p) and the recoiling
three pion system possessed weak internal directional properties but
frequently yields a if v

resonance in the p,f and g sequence. We present

further data on the 41T annihilation process at 2.5 and 4.6 Ge V/c and extend
our observations to 9.1 GeV/c. In addition we attempt to relate our conclusions to data from other annihilation channels, in particular pp -• 3TT 3TT
and finally discuss possible implications of our results for the ee annihilation
process.
The two following papers are submitted to Nuclear Physics.
5.

Single pion production in antiproton-proton interactions [19].
Single pion production in pp interactions have been analysed and cross sections
are given. The p. .--dependence of the isospin amplitudes is determined by a
fit to the world data. The data are also compared with the predictions of a
Reggeized Deck model. The results and the NTTN amplitudes are compared
with the results at other energies and with the corresponding NTTN amplitudes.

6.

Inclusive y, K° and A production in 4.6 and 9.1 GeV/c pp interactions [20].
s

Results of the determination of the inclusive total and topological cross sections are given for the reactions pp -* y +X, ir° + X, K° + X and A+ X at 4.6
and 9.1 GeV/c. We present the average number of n , K and A as a function
of the associated charge multiplicity. Invariant differential cross sections are
2
given as a function of P™ and X,
7.

Study of jet structure.
We have looked for a jet structure in the pp annihilation and non-annihilation
channels
pp - 57T

(1)

PP - 7ff
pp ~ pp37T

(2)
(3)

pp -• pp5ff

(4)

We define a cluster system in channels (1) and (2) by excluding the two pions
in the final state having the largest rapidity. In reactions (3) and (4) the cluster
system consists of the final pions. A jet structure is characterized by a

14

tendency of the claster pions having a limited transverse momentum with
respect to some axis (jet axis).
We calculate a quantity S, called the sphericity which determines how jet-like
an event is:

s=
i

where the summation is over all particles in the cluster. The sphericity
distributions are compared to a phase space model using matrix elements
|M| 2 GO

and | M | 2 oo exp[a£p^ + é(tp + t-)]

for the annihilation and non-annihilation channels respectively. Fig. 2a and
Fig. 2b show the sphericity distributions in reactions 2 and 4 respectively
and in Fig. 3 a clear dependence for the mean sphericity on the cluster mass
is seen.
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5.

ANTIPROTON-PROTON REACTIONS AT 12 GeV/c

The 12 GeV/c pp-experiment started in July 1974 with an exposure of about 400 000
pictures in the CERN 2m HBC. All types of reactions are measured which will
provide us with a sample suitable for many types of investigations, e.g. inclusive
studies. Comparisons will be made in particular with the recently started 12 GeV/c
antiproton-deuterium experiment (exposure in July 1977).
The 12 GeV/c pp collaboration consists of physicists from Amsterdam, Helsinki,
Liverpool and Stockholm. From a total of about 90 000 pictures, some 60 000
pictures have, up to now, been scanned in Stockholm. Of found events, 30 000 have
been measured on the Spiral Reader, filtered and run through the 'HYDRA' geometry
program. We still have some problems in getting the kinematical fit program GR AC E
to work properly, in particular the ionization handling has been given a great deal of
concern. To obtain reliable ionization information for the hypothesis selection in
GRACE, several systematic errors, sxch as distorsion in the x-direction and in
azimuthal angle, must be corrected for. Here still some problems remain to be
solved before the kinematic reconstruction is satisfactory.
In spring 1977 the collaboration decided to investigate a narrow state (The "I-meson")
which another group reported to occur in 6 p V° events in 12 GeV/c pp interactions.
This latter group has used the CERN BEBC. To compare our data with the BEBC
group, we made a special measurement of all our 6-prong V° events and processed
them in a specially designed program chain. Fig. 1. shows the effective mass
distribution of K n 1t n together with the corresponding data from the BEBC group
(broken line). In contrast to the BEBC data, no peak at 2.60 GeV/c is visible in our
distribution. The line is a polynomial fit to our distribution over the range of 2 to
2
2
3 GeV/c excluding the three bins between 2.56 and 2.65 GeV/c where the I-signal
is expected. Taking into account the difference in the mass resolution between BFBC
and the 2m HBC, we should expect a background signal in the bin (2.59, 2.f>2) of
128 ± 12 combinations. The observed number is 99, well consistent with background,
and therefore we find no evidence for the existence of the I-meson. A report of these
investigations was presented at the Budapest conference in July 1977 and has also
been submitted to Physics Letters.

Number of combinations/ 30 MeV/c 2
en
O

_

—

w

ro

o
O

ai
T
O

O
T
O

CJI

o
o

TO

I

OJ

iD

tp
—

o
OJ

ro
ro

H-Ui
O

o>
o

N>

ro

CD

CD

H

m
CD

_.

o

M

1

T

•a

20

6 • THE 3 • 9 Ge V/c ir~p EXPERIMENT
The data reduction of this experiment has continued during 1977 and this has resulted
in 5800 hypotheses on data summary tape (DST) which corresponds to all events
from the first exposure in 1973.
The sample of events from 1974 is subject to identification work (ionization and
kinematical checks) and these events will be on DST early in 1978 with an estimated
number of 15-000 hypotheses. The remeasurements of rejected events will probably
increase the number of hypotheses by some 10 %.
The last pictures of this experiment were exposed in July 1976, scanning of these
(100.000 pictures) is finished, measurements are started and will be finished early
in 1978.
The collaboration, which consists of physicists from CERN, Madrid, Stockholm,
Bergen and Paris, now have about 1.400-000 pictures which correspond to approximately 100 events/ . , thereby making the experiment the biggest bubble chamber
experiment with incident pions whatsoever.
In Madrid all events will be on DST in the beginning of the new year.
The CERN-data up to 1975 are on DST and correspond to 38.3 events/Mb. The status
of the data from 1976 is about the same as in Stockholm.
Most of the analysis in this experiment will require high statistics and this will be
achieved by spring 1978.
Some preliminary investigations of the existing sample have been performed. At the
European Conference on Particle Physics in Budapest, 4-9 July 1977, was presented
evidence for Q-meson production in the reaction ir"p - (Kmr) A. The mass, width
and the dominant decay mode were determined. This is one of the lines the future
analysis will follow. The properties of mesons like D(1285), E(1420), Q(1300),
F1(1540) and S*(990) will be examined.
Furthermore, production mechanisms of hyper charge exchange reactions will be
studied and quark model tests performed. Bar yon exchange reactions like
ff"p - r~K+, £~K (890) and exotic exchange reactions like ir'p - K+Zf(1385) are
subject to our interest.

21

We also have the unique possibility to compare our reactions with the SU(3) related
reactions in the 4.2 GeV/c K p experiment at CERN in which the data available
amo.'it to 127.6 events/Mb for strange particle topologies.

22

7. AXTIPROTON-PROTON INTERACTIONS AT 10 GeV/c WITHIN
THE HYPERCHARGE EXCHANGE EXPERIMENT
As mentioned in the annual report for 1976 (USIP 77-01) p p interactions were
studied parasitically during the 10 GeV/c run of the Birmingham-CERN-GenovaRutherford-Stockholm collaboration experiment on hypercharge exchange reactions (see Section 8 of this report). This experiment had the CERN code S120 and
the data taking was finished in 1974. Two different types of triggers on antiprotons
were in use:
(i)

pp - ir + anything

(ii)

pp - 2 charged particles

The idea behind (i) was that the very high missing mass resolution (±0.1 GeV)
together with very efficient particle identification would permit the observation of
reactions like
pp-ffff

, ff p

These two-body reactions proceed via baryon exchange. The cross sections are
therefore small, at 10 GeV one would expect < 1 Mb.
Prior to the investigation presented here, the highest energy at which these reactions have been studied is 8 GeV, where a few events have been observed.
The missing mass spectrum obtained is shown in Fig. 1. It should be noted that the
region MM < 0.8 Gev is attainable only to the reaction pp -• it + X for
kinematical reasons- There is therefore no background from other processes. The
full line represents a fit to the spectrum, assuming a ft-peak and a background.
The shape of the background, indicated with the dashed line, is the same as observed in similar experiments on baryon exchange. There is a clear ft signal and
a weak p-signal. The differential cross-section deduced for the itit channel is displayed in Fig. 2 and the energy dependence and the effective trajectory in Fig. 3.
The second trigger, (ii) above, includes elastic events. These are being processed
and we expect to finalize the analysis during 1978. The data will permit a detailed
comparison with pp data.

23

FIGURE CAPTIONS
Fig- 1 • Missing mass squared distribution obtained at 10 GeV/c in the
reaction pp - V + X.
Fig. 2. The differential cross-section for the reaction pp -• V IT at 10 GeV/c
obtained in this experiment. Also shown are existing data at lower
energies. The dashed line is a prediction from line-reversal,
+
+
it p - pir .
Fig. 3. The energy dependence of the differential cross-section for
pp-TTff

at - t = 0.3 Gev . The dashed line is a least squares fit

over the whole energy range, excluding the datum point at P. . = 3 GeV/c.
The full line is a fit to all points for P , i 3 GeV/cAlso shown is the effective trajectory derived from our results at 10 GeV/c
together with data at 6 Ge V/c.
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8. THE HYPERCHARGE EXCHANGE COUNTER EXPERIMENT
During the past year data from the experiment S120 (Birmingham-CERNGenova-Rutherford-Stockholm collaboration) has been finalised. The data
processing has been performed using exclusively computer facilities at
CERN and Rutherford (using in 1977 some 125 cpu hours of IBM 370/168,
some 12 hours of IBM 360/195 and some 25 hours of CDC 7600 time).
The aim of the experiment was the comparison of the line reversed
hypercharge exchange reactions
(1)
(2)
In the simplest theoretical picture, the two processes should be
dominated at high energy and small it! by a pair of exchange Reggeons
(corresponding to the K»(890) and K**(142O)). If these trajectories are
exchange degenerate and have equal residues, we would expect equal
cross-sections and zero polarizations (strong exchange degeneracy). On
the other hand, if the K* and K " trajectories are degenerate but the
residues are not equal, we expect equal cross-sections, and polarizations
which are equal but opposite in sign for the two react?'ns (weak exchange
degeneracy).
The experiment was done in three phases. In the first phase (published in
1975), the 10.1 GeV/c beam passed through the active areas of the forward
spark chambers. Thus we could measure the differential cross-sections
down tc 0°, with small systematic error in normalization but with no
polarization measurement. Owing to the limited tolerable beam intensity,
this phase was restricted to the t region where the cross-section was
large.
Subsequently (fig. 1 a ) , we extended the t range and measured the
polarization by adding a recoil arm to the spectrometer and by running
the beam outside the active areas of the forward spark chambers. The
recoil arm consisted of six gaps of spark chambers with capacitive
read-out, followed by a scintillation counter hodoscope with two planes
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of counters separated by 1 cm of aluminium. A counter box was added round
the hydrogen target to veto events with extra charged particles.

These

veto counters were shielded from the target by metal plates of sufficient
thickness to stop 6 electrons produced in association with good events.
This phase of the experiment was run with a high beam intensity (- 3 -10*
per second).

The polarization was determined by measuring the asymmetry

in the distribution of the decay protons (from Z+*p»') with respect to
the normal to the production plane.
In the third phase of the experiment, the 2-arm set-up was used with a
7.0 GeV/c beam.

In order to extend the measurement down to small It!

where no recoil particle was seen, and to increase the geometrical
acceptance for intermediate t values, events satisfying only the forward
arm trigger logic were also accepted for some of the data taking. As the
beam was outside the active areas of the spark chambers, we could not
measure down to 0°, but had a cut-off at t'=-0.05 (GeV/c) 2 .
The experiment took data for 42 days and produced 8 million triggers. The
fraction of triggers which were good events of type (1) or (2) varied
between 1.2* for 2-arm K- at 7.0 GeV/c and 0.21* for 1-arm K- at 10.1
GeV/c, where the dominant source of triggers was K

9

decay. In total, we

obtained 12500 events of reaction (1) and 7900 events of reaction (2).
In fig. 1 b and ' c, we show the differential cross-sections and
polarizations.

Fig. 2 a and 2 b shows the differential cross-sections in

the low !t| region, and fig. 2 c shows the relative cross-section
differences A, where
- do/dt'(n+p*K+I+)
A=
do/dt'(K"p*w"£+) + da/dt'(ir+p*K+i:+)
Turning to the s dependence of the differential cross-sections, we have
determined the values of « e ff(t) (using the parametrization
do/dt(s,t)=f(t)»3 28 eff" 2 ). Results are shown in fig. 2 d.

The behaviour revealed by the data may be described in terms of three
regions of t, which merge smoothly into one another.

a) t > -0.5

(GeV/c) 2

We find near-equality of the cross-sections at t=0 for the 10.1 GeV/c
data. Going out to t=-0.5 (GeV/c) 2 , the ratio of cross-sections
increases slowly to about 2.0. At 7.0 GeV/c, however, the
cross-section ratios are larger, the value of A being on average
twice as large as for the 10.1 GeV/c data. For reaction (2), the
values of a

are closer to the K*-K #t trajectory than those for

reaction (1). The polarization grows rapidly to large values for both
reactions, and shows approximate mirror symmetry, as has already been
observed at lower momenta.
These results indicate the presence of an exchange-degeneracy
violating contribution which becomes relatively larger with !tl, but
decreases significantly between 7.0 and 10.1 GeV/c.

In the limit of

t=0 at the higher momentum, exchange degeneracy predictions are well
satisfied.

b) -0.6 > t > -0.8

(GeV/c)2

The differential cross-sections at both momenta show a cross-over.
The values of a

lie quite well on the K f -K t f trajectory. The

polarization values remain large and approximately mirror-symmetric.
These results suggest that the non exchange-degenerate contribution
may be vanishing in this t region.
c) -1.0 > t > -2.0

(GeV/c)2

Beyond the cross-over point the differential cross-sections show
significant flattening, compared with their original exponential
form. The cross-sections for the two reactions do not converge
significantly as the momentum goes from 7.0 to 10.1 GeV/c (see values
of a in fig. 1 f ) . The results obtained when the lower energy
experiments are included would imply that the cross-sections are even
diverging from one another (since the values of a

for reaction (1)
eff
are larger than those for reaction (2)). The polarization values
decrease slowly through the t range.

These results suggest the presence of relatively larger
exchange-degeneracy violating contributions in this t region than at
lower !t i .
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In summary, we find only small discrepancies with the predictions of weak
exchange degeneracy at 10.1 GeV/c in the small It! region. However, the
predictions of strong exchange degeneracy are not satisfied.

At the

lower momentum of 7.0 GeV/c, the data are inconsistent with the
predictions of both strong and weak exchange degeneracy.

The data at

large !t! show the largest deviations from the exchange degeneracy
predictions with no clear improvement by 10.1 GeV/c.

J
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Figure Captions

Fig.la

Experimental layout (for the 2-arm set-up). The incident beam
hodoscopes (to define the direction and momentum) and beam
Cerenkov counters are not shown. T1-T1 are scintillation
counter hodoscopes. Cl is a pressurised Cerenkov counter, set
to count pions in the negative reaction and pions and kaons in
the positive reaction. C2 is an atmospheric pressure Cerenkov
hodoscope, set to count pions. W1 - W10 are spark chamber
modules, each with 4 planes of wires read out. Some typical
trajectories in the forward arm are shown as well as a recoil
track.

lb,c

Differential cross sections and polarizations for the two
reactions at 7.0 GeV/c (b) and 10.1 GeV/c (c). The errors
plotted are statistical.

Fig.2a,b

Differential cross sections ovjer the low It! region at 7.0
GeV/c (a) and 10.1 GeV/c (b)\ The errors plotted are
statistical. The straight lines represent exponential fits to
the data.

2c

Relative cross-section differences A as a function of t', at
7.0 GeV/c and 10.1 GeV/c.

2d

<>eff a s

a

function of t based on the differential cross-

sections of the present experiment and others at lower
momenta.
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9.

CERN INTERSECTING STORAGE RINGS ACTIVITIES

This year the ISR achieved a 25 % increase in running time with stable high
luminosity beams- The performance limits in terms of maximum current and
luminosity at 26 GeV have remained at the same level as in 1976, however, at
31 GeV a record current of 25.9 A was attained- In particular, more than 30 7C
of the total running time was spent at 31 GeV following strong requests from the
lepton pair experiments in intersection 1 and 2Following the very intensive installation programme of 1976 no major change to
the experimental installations has been made this year. The emphasis has been on
completing installations and running in the new large experiments with a minimum
of equipment modifications, so taking full advantage of the increased running time
allotted to physics.
In intersection 2 every available shutdown during the first half of the year was used
to continue the installation of detectors for experiment R209, High Mass Muon and
Associated Hadrons (Fig. 1). The experiment is now taking muon-pair data fully
exploiting the high luminosity available at 31 GeV.
Preparations for experiment R807, a study of Large Transverse Momentum
Phenomena (CERN-Copenhagen-Lund-Rutherford collaboration) have already
started in order to be ready for installation in the ISR in January 1979. In addition
to the usual experimental support activities the ISR Division is designing and constructing the Open Axial Field Magnet (OAFM), see Fig. 2. The OAFM is a conventional iron/cupper electromagnet which has been designed to provide a bending
strength of .5 Tm together with a large solid angle. It is pi anned to assemble and
test the magnet in the period October-December 1978.

FIGURE CAPTIONS
Fig. 1

Experiment R209 in intersection 2 of the ISR.

Fig. 2

The Open Axial Field Magnet to be installed in intersection 8
of the ISR.
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10. STUDY OF LARGE TRANSVERSE MOMENTA
Two members of the Stockholm group (Per Carlson and Erik Johansson) are
presently involved in a SPS counter experiment in the West experimental Hall at
CERN. The idea is to study the large angle scattering of hadrons. The main
reason is that only for these processes the interaction time is sufficiently short
to allow scattering of the hadron constituents.
The first aim is to study the elastic process ffp - ffp at 90° in the c m . system
starting at an incident momentum of 20 GeV/c. At this momentum the cross-sec*
-34
2
tion in the c m . angular range 0.7 > cos® < -0.7 is estimated at about 10
cm ,
extrapolating lower energy data in a parton model. This model predicts an energy—8
dependence as fast as P. . and if this is true large angle data can be accumulated
up to 40 GeV/c incident momentum with available beam intensities.
The experiment, known as WA7, was scheduled to start running early 1977. Unfortunately, during the night of 7-8 January, 1977, a fire broke out in the spectrometer magnet (current but no cooling water.'). The magnet gap was filled with
proportional chambers which were all destroyed • The magnet itself was seriously
damaged and had to be replaced. The experiment was back in operation in September 1977 and a first run in November as main user went very well indeed. The
experiment will accumulate data in 1978.
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11. THE 100 GeV/c pd HYBRID EXPERIMENT
The experiment, which is a collaboration between the laboratories in Liverpool,
Nashville and Stockholm started in August 1976 with an exposure of the 30'
deuterium filled FNAL bubble chamber to a negative beam consisting of 30 % p
and 70 % it . The experimental setup is shown in Fig. 1 and consists, besides
the 30' bubble chamber, of an upstream Cerenkov + proportional (wire chamber
(PWC)) tagging system as well as a downstream PWC system.
The pictures, 62000, in all and shared equally between the laboratories, have
been scanned twice for all types of interactions, and in Stockholm this resulted in
approximately 8000 events. A third conflict scan, in order to resolve ambiguities
in the two scans, has recently been finished.
During the end of 1976 and the beginning of 1977 a first measurement of some beam
tracks and all interaction vertecis was made. The reason for the latter measurement was to obtain the signature of the beam particle by matching the bubble chamber
information with data on the beam tracks from the upstream tagging system
(program PRECIS). In this way we have managed to tag ~ 50 % of the interacting
beam t racks (approximately equal number of p and ff ) while for the rest of the tracks
data was missing or there were ambiguities.
From the measured beamtracks a title giving the transformation between the bubble
chamber and the wire chambers has been obtained. To obtain this title the measured
tracks are first reconstructed in tV.e program BEAMON and then run through the
program SURVEY which by help of the electronics information on the tracks from
the up- and downstream systems aligns the whole system of detectors. Finally
FIROT gives the transformation matrix. We have now at our disposal also some
pictures with the magnetic field turned off which we will use to finalize the title.
In a second measurement all events with a V° signal or a stopping proton track were
measured. For events with a V signal extra crutch points wore put on the tracks to
help in the filtering program. Due to time limitations this was done only for events
with low multiplicity but for a smaller sample also high multiplicity events were
measured in this way. The V° vertecis and the stopping tracks were reconstructed in
GEOHYB disregarding the rest of the tracks belonging to the event and put on a
special tape. Approximately 60 % of the V° s were found to be well reconstructed
while for the rest there were spurious tracks or tracks missing. A visual inspection
of the failed V°'s at the scanning table revealed that most of them should pass if a remeasurement with proper use of crutch points was made. The well reconstructed
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V°'s show clear signals of >, K and A when the different mass assignments e e ,
tr'iT and pff~ respectively are tried. Preliminary cross-sections for K° and A
production will be estimated as soon as possible.
A sample of "well measured" events have been selected for a thourough study of
the performance of the program chain. Especially interesting is to see how often
it is possible to hook up observed downstream tracks with those measured in the
bubble; chamber through the hybrid fit (hybridization"). In average we find that high
multiplicity events lead to hybridization of one or two tracks and that one succeeds
with the hybridization in most of those cases where one finds corresponding tracks
in the downstream system. The hybridization reduces the relative error on fast
tracks from 50-100 %, without downstream information, 10 1-5 %.
By help of the measured stopping proton tracks topological cross-sections for pn
and TT n collisions have been obtained and are displayed in Figs. 2 and 3, where also
the corresponding cross-sections for hydrogen target data are shown. The mean
values of the neutron target multiplicity distributions are somewhat smaller than for
the corresponding hydrogen target distributions, a fact that has been observed also
in other experiments.
The deuteron target allows one to investigate rescattering effects which could
shed some light onto the understanding of the processes taking place in co'lisions
between heavy nuclei. For the IT d interactions we obtain a rescattering probability
of 0.15± 0.03 in agreement with other experiments with pion beam at other energies.
However, for the anti-proton deuteron collisions we obtain a value of 0.13±0.03
which is 2-3 standard deviations lower than what has been obtained in experiments
with a proton beam while one would expect to obtain approximately equal rescattering
probabilities.
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12. EUROPEAN HYBRID SPECTROMETER (EHS)
1977 has seen rapid progress in the design of all of the components which have been
approved for construction. Most of the specifications for these components are by
now fro/en and the construction work has been started.
The revised specifications of the rapid cycling bubble chamber (RCBC) for
the EHS have been prepared by R. Newport, responsible for the construction
of RCBC. These are contained in the note CERN/EF/EHS/TE 77-3. The note
also describes the field distribution for the vertex magnet M..
The magnetic field of the spectrometer magnet M? has been measured and the
magnet has been moved to the North area.
The plans for the construction of MWPC's and drift chambers is progressing
well. During the summer detailed study of wire configurations and related
topics has been made.
The main ideas for the monitering system of EHS and for data acquisition
from different components have now been established. The NORD-10 computers
for data acquisition (DAS) and for monitoring (MON) have been delivered in
mid-December. Most of the peripherals purchased from independent manufacturers have also arrived. Both computers are NORD-10 with 10 Mbyte
discs. DAS has 98 kW dual port memory, 1 kW cache memory and two mag-tape
dri ves. MON has 48 kW single port memory.
During the summer the proposal for part C of EHS has been approved by the
SPSC. This consists of forward gamma detector (FGD) and intermediate
gamma detector (IGD). Detailed planning for these devices is in progress.
The groups involved are C ERN-Florence-Genova-Heidelberg-Padova-ParisRome-Serpukhov-Trieste.
6.

Progress is also being made for beam layout, tagging system and other service
facilities in the North area.

A workshop was organized in April 77 to focus on the physics to be done with EHS
with emphasis on the following points:
a.

What are the main interesting problems in physics which can be studied best
with EHS.

b.

Are there some characteristics or parameters of EHS which should be
modified (whenever still possible)?
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c

Are there special requests which would need to be incorporated in the present
experimental set-up?

d.

Is the Gamma detector project satisfying the requests expressed by the users ?

The workwhop was attended by about 150 physicists. The proceedings of the workshop
are available as CERN document CERN/EP/EHS/PH 77-4.
A second workshop was organized in October 77 to discuss data handling strategy
such as on-line triggering, off-line selection, on-line data acquisition, geometrical
reconstruction strategy, calibration, survey and simulation of events in EHS
geometry. A summary of the workshop is available as CERN document CERN/EP/
EHS/PH 77-5.
During the SPSC meeting in November the chairman Dr. Butterworth has stated
that all the proposals submitted in 1975 are by and large out of date. All the potential
users have been asked to reformulate their ideas as letter of intent or proposals
with special reference to particle identification needed for their experiments.
A meeting of the EHS users was held on 14th December 1977 to inform the users on
the progress made on the project during the year.

Test of an aerogel Cerenkov detector
Particle idenfication in the momentum range 1-5 GeV/c has always been rather
difficult. The traditional Cerenkov detectors were filled with gas under very high
pressure, which resulted in very clumpsy objects that easily interfered with the
measurements of other quantities, like particle trajectories. Recently, a solid
material, silica aerogel, has been developed which has a refractive index suitable
for particle identification in the momentum range 1-5 GeV/c.
In order to study the possibility of constructing a Cerenkov detector with silica
aerogel as radiator, a Stockholm-Belgium-CERN collaboration was formed. (Erik
Johansson and Jonas Norrby from Stockholm and Per Carlson from CERN take
part.) The Cerenkov detector, foreseen to be used with the large European Hybrid
Spectrometer should have a modular system, each module having an effective
o
detector area of 18 x 52 cm . The complete detector should cover an area of a few
square meters.
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In February two prototype modules, using different light collection systems, were
tested in a particle beam at the CERN Proton Synchrotron. The diffusing box (see
Fig. 1) had the walls covered with three layers of millipore filter, a white very
diffusing material- The Cerenkov light was collected onto three 13 cm diameter
photomultiplier tubes. In the mirror box (see Fig. 2) the light is collected by one
spherical mirror box (see Fig. 2) the light is collected by one spherical mirror
and by plane mirrors on the other walls. The mirrors were produced by evaporating aluminium on a plexiglas support. For this box the light was directed towards two 13 cm diameter photomultipliers.
The aerogel that was used had a refractive index of 1.03. Measurements were
performed with thicknesses of 4.5, 9.0 and 13.5 cm. The photoelectron yield for
different thicknesses are shown in Fig. 3. The full curves show the prediction by
a simulation program. With 9 cm of aerogel the number of photoelectrons for P = 1
particles was found to be 4.6 for the mirror box and 5.5 for the diffusing box. In
Fig. 4 and 5 we show the photoelectron yielded for different positions of the beam
for the mirror and the diffusing box respectively. The curves show the results of
the simulation calculations.
These results clearly show that it is possible to construct efficient Cerenkov
detectors with silica aerogel as radiator- The diffusing box gave the best results,
but simulation calculations show that the mirror box can be substancially improved
by using a more elaborate light collection system. The improvement could be as
large as a factor 1 5 , bringing the number of photoelectrons to well above six.

Future Cerenkov studies
In the final set-up, the aerogel Cerenkov detectors will be situated in a strong
magnetic field of around 2 kG. In order to work satisfactorily, the photomultipliers
have to be efficiently shielded from the magnetic field. This will lead to important
changes in the design of both the mirror and the diffusing box, which will result in
less favorable light collection systems. Once the magnetic shielding studies are
terminated, a test of a modified Cerenkov module which can stand a high magnetic
field, seems ineviable.
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FIGURE CAPTIONS
Fig. 1

Schematic description of the diffusing box. The detector is viewed by
three photomultipliers of the type RCA 8854 (13 cm diameter).

Fig. 2

Schematic description of the mirror box. The detector is viewed by two
photomultipliers of the type RCA 8854 (13 cm diameter). The spherical
mirror has a radius of 80 cm.

Fig. 3

Variation of the photoelectron yield with the aerogel thickness for the
diffusing box (filled circles) and for the mirror box (open circles). The
points correspond to p = 1. The curves give the results of the simulation
calculation.

Fig. 4

The yield n of photoelectrons for the mirror box as a function of the
position of the beam. Position 0 is in the middle of the detector and -26
cm is close to the photomultipliers. Full circles are for 9 cm of aerogel,
open circles for 4.5 cm. The plotted points correspond to p = 1 • (The
measured values at 1.4 GeV/c have been scaled to p = 1.) The curves
give the result of the simulation calculation.

Fig. 5

The yield n of photoelectrons for the diffusing box as a function of the
position of the beam. The points correspond to p = 1. Full circles are
for 9 cm of aerogel, open circles for 4.5 cm. The curves give the result
of the simulation calculation.
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NEUTRINO PHYSICS IN BEBC

During the first year of operation for BEBC at SPS, data for 3 neutrino experiments
have been taken.
The first experiment was a Narrow Band Beam neutrino/anti neutrino with heavy
Ne/H mixture as target (WA 19). Parent particles of 200 and 275 GeV/c were
used. From this experiment the absolute charged-current neutrino and anti neutrino
cross sections have been determined [38]. The result shows that a/E is constant
for anti neutrinos (no increase because of right handed b-quarks) and falls with
energy for neutrinos. The change in a/E which is a deviation from Björken
scaling is qualitatively similar to what is predicted by QCD. More tests of QCD
will be done with moments of the inelastic structure functions.
The production of dileptons (MM and He), which here can be determined in the same
experiment, has been presented [39]. The relative rates corrected for identification
inefficiency, backgrounds and a 4 GeV/c momentum cut on the second lepton are
1.3 ± 0.4 % for (Me + M )/M in neutrino reactions and 1.2 ± 0.5 % for
i e + M )/M in anti neutrino interactions. The observed rate of K° in the
s
dilepton events corresponds to 1.7 ± 0.7 K /dilepton event which seems to be too
high for the simple charmed particle model. However, new expected results from
different experiments during next year will probably solve this problem.
The second experiment (WA 21) was a neutrino/anti neutrino Wide Band Beam with
pure H2 (hydrogen) target. 250 000 pictures have been taken with neutrinos and the
analysis has started. Possible charm meson and baryon production will be studied.
This experiment has used the improved EMI (external muon identifier) with two
planes•
12
The third experiment was a beam dump experiment. 400 GeV/c protons (5 • 10 ppp)
were dumped into a beamstopper. Neutrinos coming from very short lived particles
(charmed particles, possible heavy leptons etc.) will be detected in BEBC. The
results from this experiment will be ready at the end of January 1978.
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14.

THE POLARIZATION OF COSMIC MUONS

During the year, an experiment for students taking part in an advanced course in
particle physics has been constructed- The aim here is not to describe that experiment in details

(details are found in "Determination of Parity Violation in

the Decay of Cosmic Muons", K-E. Johansson and J. Norrby, USIP Report 77-24
(1977)), but merely mention a "by product", namely the determination of the xnuon
polarization.
The cosmic muons are stopped in an aluminium target, and we determine the muon
lifetime and the angular distribution of the decay positron. The lifetime in aluminium
of positive muons is determined at (1.98 ± 0.06) Ms, in good agreement with earlier
measurements (see Fig. 1). From the positron angular distribution, the muon
polarization was determined at (10.7 ± 3-7) %. This is in very good agreement with
other measurements with poorer precision (see Fig. 2).
A copy of our experiment will be set up at the university of Oslo during the coming
year, anri quite likely this experiment will also be done at the Niels Bohr Institute
in Copenhagen. The intention is to study different parts of the muon momentum
specrum.

FIGURE CAPTIONS
Fig. 1

The lifetime of the positive muon as a function of the atomic number.
The full circle is from this experiment.

Fig. 2

The polarization of positive, cosmic muons as a function of the
momentum. The full circle is from this experiment.
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15.

FILM ANALYSIS

15-1 Production
The scanning and measuring of bubble chamber pictures have become still more
effective and reliable during the past year.
All four SHIVA scanning tables are now equipped with automatic film transports and
completely built out for on-line communication with the CD 6400 computer. A total
of 235.600 frames have passed the scanning stage and a number of 10.000 events
have been checked for details in the geometrical and kinematical reconstruction.
The production of fast and accurate measurements at the spiral reader has continued,
resulting in a total number of 44.200 measured events during 44 weeks of scheduled
operation. These figures represent a 30 % increase of the measurement rate compared
to the previous year- About 8 weeks were devoted to service of the spiral reader
rotating system and installation of new hardware (Sect. 14.2). The new equipment
will further increase the power of the Stockholm spiral reader.
Production measurements have been performed for three different experiments:
the 4 GeV/c negative pion-proton experiment
(Bergen-CERN-Madrid- Paris-Stockholm)

12.700

events

23.000

events

8.500

events

the 12 GeV/c antiproton-proton experiment
(Amsterdam-Helsinki-Liverpool-Stockholm)
the 100 GeV/c antiproton-deuterium experiment

15-2 Spiral Reader Hardware
The reliability of the spiral reader hardware has been good during 1977, and
rather few unexpected stops due to hardware failures have occurred. A stop of
about one week during the summer was due to a breakdown of the Tektronix 611
display tube. The TU 20 magnetic tape transport which is running 24 hours a day,
has earlier given us recurring stops in the production due to problems with the
vacuum. A new type of coal-less vacuum motor has now been adapted to the tape
iransport and the system is now working in a reliable way.
A strongly increasing noise from the rotating cone bearings and a leakage of oil
from the Heidenhein circular encoder made it necessary to dismantle and inspect
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the rotating system of the spiral reader. A change of the main bearings of the cone,
and the Heidenhein circular encoder was done with the assistance of SAAB SCANIA
AB. The leakage of oil has now been stopped, but there are still problems with the
main bearings which have changed sound during the autumn.
A new automatic gain control (AGC) constructed at CERN which earlier has been
adapted to the Stockholm spiral reader, has now been taken into production. The
overall background compensation is much better done with the new device. However, the compensation for the background has given problems in dark areas where
the interference from the periscope servo motor has caused spurious digitizings.
This has raised the data rate and also negatively influenced the efficiency of the
prefiltering. For this purpose a noise limiter has been constructed which reduces
the output signal by a factor of 400 when the background signal falls below a preset value.
In order to optimize the measuring process for conventional bubble chamber pictures
at PS energies (< 30 GeV) and to prepare the system for the new hybrid technique
at the new generation of accelerators (FNAL, SPS-EHS ...) the PDP-9 system has
been updated in two important steps during the year.
1.

During May an XVM-100 system was installed. The new equipment which is
fully compatible with the old PDP-9 system includes: central processor,
memory processor, 32 k core memory, extended arithmetic element, real
time clock, reader/punch, DEC-writer console terminal, power fail and a
bus converter.

2.

In December a Unichannel System was installed, expanding the XVM-100 to
a XVM-200 configuration. The unichannel consists of a peripheral CPU
(PDP 11/05) with 8 kwords of core memory, a cartridge disc with controller
and a unibus for PDP-11-peripherals (Fig.l).

The increased core memory (by a factor of four) and the spooling facility for data and
programs at disc speed will strongly increase the capacity and the possibilities of
development for the system in the future.
The common spare parts store for the spiral reader groups in Vienna, Paris and
Stockholm have been delivered to the Stockholm group by SAAB SCANIA AB. In the
future the Stockholm group is responsible for the storing of the parts while the
user of a part is responsible for the updating of the store for that specific part.
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15.3 »Scanning and premeasuring hardware
A new electronic system for scanning and premeasuring of BEBC pictures has been
developed during the year. The system has been built around a BESSY scanning
table developed and manufactured by SFAT (Societe Francaise Appareillages de Telecommandes) in collaboration with CERN.
The transducer system consists of a two wire measuring device (bipolar coordinates)
connected to a measuring view-finder. The least count of the standard transducer
is 400 microns. This accuracy should be compared to the total distortion of the
projected image which is less than 170 microns on the projection table (10 microns
in the film plane). By electronic quadrupling technics a maximum resolution of
100 microns has been achieved for the transducer system which corresponds to less
than 7 microns in the film plane.
For the organizing and transmission of data and also for the administration of the
scanning and premeasuring procedures, a central unit (CU) has been built around a
Motorola 6800 microprocessor (Fig. 2). The transducer system sealers are interfaced
to the microprocessor bus system as well as
a teletype (TTY) with reader and punch, used for loading and editing of
programs,
a visual display terminal (VDT), which in the on-line mode acts as a link
between the operator and the CD 6400. In the off-line mode it just presents
the information sent from the microcomputer to an operator keyboard,
a keyboard (KB) by which the operator can communicate with the central unit,
a magnetic tape transport (MT) which is used for the storage of scan data in the
off-line mode.
The central unit memory consists of 1 kwords read only memory (ROM), where the
monitor program is stored, and a 4 kwords random access memory (RAM),
expandable up to 60 k 8-bit words.
The hardware configuration will be installed during the beginning of 1978 and
at that time the development of the scanning and premeasuring software will start.
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15.4 On-line software
The spiral reader control programme ASTERIX has worked well during the year.
The performance of the prefiltering facility has been satisfactory.
The developments have been dominated by the replacement of the old on-line computer, the PDP-9, by an XVM computer. Although the XVM is very similar to the
PDP-9 from the software point of view differences exist which made it net> ssary
to make certain changes throughout the programme. Since it was to a large extent
known which changes to make the work could start well before the new computer was
installed and a version suited for the XVM was actually tested on the PDP-9. The
transition time was thus considerably reduced although certain unexpected problems
appeared, mainly on the hardware side and related to the interface between the spiral
reader and the computer. They were, however, solved quite quickly.
Apart from changes due to incompatibilities, the programme has also been modified
to make use of the larger capacity of the new computer. The XVM has a memory of
32 kwords compared to the 8 kwords of the PDP-9, which made it possible to increase the buffer areas of the prefiltering programme. This gives a better performance especially for difficult events where earlier the insufficient buffer space
caused the prefiltering to stop.
A new version of RAVEN, a programme used for various test purposes, was brought
from CERN and implemented on the XVM. The new version includes facilities that
were not available before, e.g. prefiltering of test data, which is useful since it
offers the possibility to change the prefiltering parameters in an almost interactive
way. Another advantage is that it displays the data on the big storage display rather
than on the old small display.
Large parts of the hardware test program MAGPIE has been implemented on the
XVM. In order to facilitate the software development in the future, the programme
has been adapted to the ASTERDC operating system.

15.5 Off-line software
The development of the pool of Spiral Reader off-line programmes hag continued.
Some minor errors in the filtering programme POOH have been corrected. Apart
from this the development work has mainly been concentrated on solving the
problems connected with the measuring and reconstruction of the events of the
100 GeV/c pd hybrid experiment (Exp 345).

J

A characteristic feature of these events is that often two or more fast tracks
are emitted in such a narrow cone in the forward direction that they cover one
another. In order to cope with this situation a facility to measure these tracks
manually with the x-y system of the spiral reader was implemented in the on-line
programme ASTERIX. These manually measured points are then treated in the
off-line filtering programme POOH in the following way.
Since it is likely that at least one of the overlaid tracks has been found in the normal
filtering procedure, the programme tries to match each manually measured track
with each of the already existing tracks. If a successful match is obtained the manually measured track is discarded.
If afterwards one or more manually measured tracks remain, the programme tries
to find R-6 digitizings inside a bin defined by the set of manually measured points.
If the digitizings thus found form an acceptable track, the programme tries to follow
it towards the vertex and also in the outgoing direction.
Should the programme fail to find enough digitizings to make an acceptable track, then
as a last resort the manually measured track is kept. Since the number of measured
points on such a track is only 4-5 and often concentrated to a small portion of the
track, any precise measurement of the momentum is impossible but it can still serve
as a guideline to the geometry programme which links the tracks in the bubble
chamber with the tracks in the downstream spectrometer. The procedure was tested
on a sample of events which had previously been measured on completely manual
machines in Strasbourg and was found to give satisfactory results.
Because of the difficulties connected with matching the high energy tracks without
access to the downstream spectrometer information, the track-match part of POOH
is not usea in this experiment. The tracks are instead matched in the geometry
programme where the downstream information is available. This fact made it
necessary to rewrite the set of output routines in POOH since in those previously
used, one has assumed that the tracks were already matched at the output stage of
POOH.
In spite of the efforts spent on improving the measuring and filtering of high energy
hybrid events there are still difficulties remaining and the work to further improve
the performance of the total system continues.
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TRAVELS DURING iy77

17.1 Experiments and meetings at CERN
16/1 -30/1

Programming work for FNAL 30" hybrid system. A Bergier

6/2 -19/2

Test cf aerogel Cerenkov detector at the CERN PS, E. Johansson

6/2 -26/2

Detector development and programming work, P . Lundborg, J. Norrby

26/3 - 9/4

University course for students in particle physics and workshop on
EHS, E. Johansson

29/3 - 7/4

12 GeV/c pp and 100 GeV/c pd collaboration meetings and workshop
on EKS, N. Yamdagni

1/4 - 6/4

Workshop on EHS. H. Gennow, P. Lundborg, S. Nilsson, J. Norrby,
C Walck

3/5 -10/5

Inauguration of SPS, 12 GeV/c pp collaboration meeting and 100 GeV/c
pp collaboration meeting, S. Nilsson

6/6 -30/6

70 GeV/c pp BEBC + TST meeting and 12 GeV/c pd exposure,
N Yamdagni

8/6 -11/6

Programming work, A. Bergier

9/6 -30/6

Analysis of 4 GeV/c tfp and exposure of 12 GeV/c pd, T. Moa,
S. Rodebäck, I. Sjögren

4/9 -18/9

Software development for hybrid systems and future EHS projects,
A. Bergier

20/11- 3/12

EMI teach-in, N. Yamdagni

27/11-17/12

Detector developments. J . Norrby

11/12-18/12

EHS users meeting, H. Gennow, S.-O. Holmgren, S. Nilsson,
N. Yamdagni

17.2

Conferences and Schools

14/2 -19/2

5th International counter meeting on fundamental physics, Candanchu,
Spain, K. Alpgård, H. Gennow, T. Moa, S- Rodebäck, I. Sjögren,
C. Walck, N. Yamdagni

6/3 -12/3
22/5 - 5/6
1/7 -10/7

Twelfth Rencontre de Moriond, P.O. Hulth
CERN JINR school of physics, Nauplion, Greece, S. Rodebäck, I- Sjögren
European Conference on Particle Physics, Budapest, O. Leistam,
C Walck, N. Yamdagni

25/7 - 8/8

"Ettore Majorana" Centre for Scientific culture, Erice, Sicily.
XV course: The whys of subnuclear physics, Invited lecture: Narrow
BB resonances, S. Nilsson

7/8 - 8/9

The seventh Hawaii Topical Conference in Particle Physics (including visit? at SI,AC and Berkeley), P.O. Hulth
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17 3 Other Travels
1/3 - 5/3
9/3 -11/3
9/3 -10/3
22/9 -23/9
14/10
23/10-29/10
15/11
7/12- 8/12

100 GeV/c pd collaboration meeting, Liverpool, N. Yamdagni
19 GeV/c pd collaboration meeting in Helsinki, H. Gennow, P. Lundborg
Lecture: inclusive aspects of annihilation. Working group on particle
physics, AFR, in Lund, S. Nilsson
19GeV/cpd collaboration meeting in Oslo, H. Gennow, B. Selldén
ECFA Study week on ep storage rings in Rutherford Lab., S.-O. Holmgren
Analysis work at CERN and participation in EHS workshop in Vezclay,
France, S.-O. Holmgren
Lecture: New elementary particles, Uppsala, S. Nilsson
19GeV/cpd collaboration meeting in Helsinki, H. Gennow, B. Selldén

17.4 Leave of absence
Prof. G. Ekspong has spent the year as scientific associate at CERN,
Geneva.
Dr P.O. Hulth has spent the year as fellow at CERN, Geneva.
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18. VISITORS DURING 1977
21/2

Activity
"Present trends in
theoretical physics"

15/3

Prof. H. Rubinstein,
Weissman Institute, Israel
Dr. P.O. Hulth, CERN

1/6

F.k. C Pettersson. Lund

18-24/9

Dr. M. Losty, CERN

Programming work on the
4 GeV/c TT~p experiment.
Lecture: Recent resonance
spectroscopy results from K p
interactions at 4 GeV/c

28/9

Dr. P. Hoyer, Nordita

"Duality and the hadron
spectrum"

6/10

Dr. P. Carlson, CERN

"Aerogel detectors at EHS"

26/10

Dr. L. Brink, Göteborg

"Towards unification of all
interactions?"

31/10-1/11

Dr. P.O. Hulth, CERN

"High energy neutrino
physics"
"Quark-parton model for
hadron fragmentation"

Course in High energy
neutrino interactions

15/11

Avd.dir. T. Larsson, FOA

"New trends in the development of nuclear weapons"

22/11

Dr. B. Andersson. Lund

"Quark models for fragmentation distributions"

20/12

Member of Parliament A. Gadd,

"The future education on PhD
level"
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19. SUMMARY
Division for Particle Physics. Institute of Physics. University of Stockholm
(Professor G. Ekspong)
The research in the field of elementary particle physics concerns hadronic processes
at high energies, using the facilities offered by CERN and Fermilab, USA. The
teams carrying out experiments with bubble chambers are mainly working at the
institute, whereas the teams utilizing counter techniques spend long periods at CERN.
Experiments at CERN SPS and Fermilab are in progress.
The equipment for bubble chamber physics at the institute consists of five scanning
tables, one manual measuring machine and the Spiral Reader measuring machine.
A computer CD 6400 is available at the institute.
The research program comprises study of 100 GeV/c antiproton-deuterium reactions, 12 GeV/c antiproton-deuterium reactions, 9 and 12 GeV/c antiproton-proton
reactions studying all annihilation and non-annihilation processes, a detailed study
of amplitudes in 4 GeV/c ff p reactions with strange particles, strange particle
production in 19 GeV/c pp and study of 19 GeV/c pd.
The main emphasis in the future will be on experiments with the European Hybrid
Spectrometer system and the Big European Bubble Chamber at SPS. The group
participates in the design work and planning for the physics experiments.
Research physicists from the group participate in counter experiments at SPS
studying elastic scattering at high transverse momenta, elastic scattering of it, K
and p at PS energies and study of line reversal invariance in ffp and Kp reactions.
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20.

PROJECTS

a) Research utilizing hydrogen bubble chambers
1.

Antiproton-deuterium reactions at 100 GeV/c

2.

Antiproton-deuterium reactions at 12 GeV/c

3.

Antiproton-proton reactions at 9 and 12 GeV/c

4.

Quasi-two body reactions in 4 GeV/c collisions, producing final states with
strange particles

5.

Strange particle production in 19 GeV/c pp collisions

6.

Proton-deuterium reactions at 19 GeV/c.

b)

Research with counter techniques

1.

Elastic scattering of pions on protons at high transverse momenta at SPS

2.

Antiproton-proton interactions at 10 GeV/c

3.

Study of the hypercharge exchange reactions u p - 1 K L and K p -• IT L

at

7 and 10 GeV/c

21.

RESEARCH STAFF

a) Bubble chamber teams
J . Allan, K. Alpgård, A. Bergier, G. Blomqvist, R. Carlsson, G. Ekspong,
H. Gennow, S.O Holmgren, P.O. Hulth, P. Lundborg, T. Moa, S. Nilsson,
S. Rodebäck, L. Scilly, B. Selldén, I. Sjögren, R. Stenbacka, Ch. Walck
and N. Yamdagni.
b) Counter teams
A. Berglund, P. Carlson, E. Johansson, O. Leistam and J. Norrby

