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1., Total Cross-Sections

During the last two years, a number of measurements of total cross-
sections have been made at the 70 GeV accelerator at the Institute
for High Energy Physics (IHEP) Serpukhov, USSR. The earliest measu-
rements 1 were for negative particles only and for technical reasons
had to be éarried out using a high pressure gas ﬁargeﬁ, rather than
the usual and more precise liquid targets. These early measureméﬁts
on hydrogen and deuterium were followed by measurements on a liquid
target 2) but only of hydrogen and also limited to negatife partigles.
More recently, a positive beam was consfructed which enabled measure-
ments to be made of total cross-sections for'ﬂ+; Kf and protons on
QQEE liquid hydrqgén and liquid deuterium targets 3).vThe finél pha~
se of these measurements is under way at Serpukhov now, énd_is a re-
measurement of negative particle total cross-sections Qn both hydrd—
gen and deuterium liquid tafgets using the identical targets‘uséd ear-—

lier this year in the measurements on positive particles.

It is useful perhaps to review what we have learned from the measure-
ments so far. Since the data on hydrogen targets for bofh positive

and negative particles are quite precise, it is possible to compare

the behaviour of particle and antiparticle cross-sections. The data

are shown in PFigure 1, which is a compilation of total cross-section
data on hydrogen. The [ total cross-section is seen to confinue fal-
ling in magnitude with increasing energy all the way up to the highest
energy measured. On the other hand the pp total cross-section is seen
to change from a gentle fall off with energy up to 35 GeV/c to a rather
constant value of about 38.45 mb above 40 GeV/c.

The ﬂ¢p total cross—sections seem to show a rather energy independent
behaviour above 35 GeV/c although there is & weak indication that the
n*p total cross—-section might be starting to increase above 60 GeV/c.
The K p total cross-section is virtually constant above 35 GeV/c but

the K+p total cross-section shows an unexpected rise in magnitude,




after being rather constant in the range 10-20 GeV/c. The flatness of
the K_p total cross-section, together with the constancy of the K+p
cross-section up'to 20 GeV/c, led to speculation on the validity of the
Pomeranchuck theorem before the K+p data were available. However, the
rising of the K+p cross~section is adequate to satisfy the Pomeranchuck
theorem as can be seen more clearly in Figure 2 which displays the dif-
ferencies between particle and antiparticle cross-sections as a func-
tion of the incident momentum. The cross-section differences are all

tending asymptotically to zero as demanded by the Pomeranchuck theorem.

The behaviour shown by the data of Figure 1 was not anticipated by sim-
ple Regge theory but the cross-section differences of Figure 2 are not
' too different from the predicted values. The major difference with con-
ventional Regge fits lies in the momentum dependence of the difference
cross-section‘AdGTip), where the elope is flatter than expected from the
usual exchange ideas. The reasons for this behaviour are not clearly un-

4)

'derstood, even though the early data of Foley et al. had already

- shown the same energy dependence.

5)

tant with the requirements of ® universality, which says that the cou~

Lipkin has recently pointed out that the data of Figure 2 are consis-
pling of the w trajectory to non-strange quark constituants'should be a
universal parameter. This results in a simple prediction for the total
cross-sections on deuterium which isolates purely isoscaler exchange. {

The prediction is that
Ao(pTa) = 3ho(xta) (1)

Lipkin uses the additional assumption that the isovector exchange,kwhich
carries the quantum numbers of the ? trajectory, is universally coupled
to the isospin current. The P couplings to kaons and nucleons are thus
equal, and the coupling to pions is twice as strong as either. The com-

bination of w universality and P universality lead to the relation :

Ao(p?p) = 3o(xip) - As(nip) (2)
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which is in excellent agreement with the data shown in Figure 2. Although
one does not yet have the most precise data on negative partiecle total
cross-sections, one can also look directly at the prediction of Equa-
tion 1, using the early data of the CERN-Serpukhov collaboration on gas-
eous targets. The difference between the left-and right-hand sides of
Equation 2 is shown in Figure 3, where the band around zero represents
the systematic scale error and the error bars on each point represent
the contribution of the statistical errors on the cross-section diffe-
rences. Within the errors one sees that w-universality is good up to

50 GeV/c, which is perhaps surprising in view of the unexpectedness of
the energy behaviour of the individual eross—sections themselves. The
validity of EQuation'2 thus supports not only W-universality but also
the §-universality assumed by Lipkin. The more precise data, to be pro-
vided soon, on the deuterium cross-sections will improve greatly the

- validity of these tests.

‘2. Boson Production at High Energies

I will now turn to another experiment still in progress at Serpukhov
carried out bg a collaboration between IHEP and the CERN Boson Spectro-
meter Group 6 o They have been studying the production and decay of ne-
gatively charged boson resonances initiated by pion-nucleon interactions.

‘In the familiar nomenclature one can express this as :

Tp »Xp (3)
L onre
Thé data I shall present is preliminary and as yet unpublished. In addi-
tion to the general study of boson resonances the group have also obtai-
ned, as a by-product, some information on elastic scattering. Here again
the data I will present is preliminary and represents only a fraction of

the total data which they will have available when the analysis is complete.

The experiment uses equipment already used for some years at CERN to
study reactions of the type represented by Equation 3. The layout of the
experimental equipmént is shown in Pigure 4. The recoil proton produced

' in the reaction is detected at large angles and its energy and anglé ére
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measured by means of a range telescope and spark chambers respectively.
This information determines the mass of X~. The decay products of X
are separately determined by the spark chambers and magnetic spectro-

meter located near the forward directions.

At low energies the mass spectrum of X~ was found to be very rich in
resonances as shown by the data compilation of Figure 5. However, at
higher incident momenta, the picture looks quite different as shown in
Figure 6, where the (mass)2 spectrum for X produced by incident pions
of momentum 25 GeV/c and 40 GeV/c is shown. This data has been collec-
ted of the range of four momentum transfers squared, t, of

0.17 < |4] < 0.35 GeVz. Clearly at high masses (> 2 GeV) no structure
is present. For a narrow resonance, an upper 1limit of the differential
cross-section of B/ub/GeV2 is quoted by the authors. At low masses

(<2 GeV), apart from elastic scattering, a very pronounced peak is seen
at 1.3 GeV, fitting the parameters of the A2. The resolution of the appa-
ratus at a mass of 2.5 GeV was F%— = 40 MNeV (FWHM) at 25 GeV/c incident
momentum and FX— = 60 MeV (FWHM) at 40 GeV/c, so no structure should be
seen in the bump at 1.3 GeV, even if it does happen to be a split A2.

The major contribution to the mass resolution comes from the multiple

scattering of the slow recoil proton.

The mass squared scale of Figure 6 was chosen in order to show the elas-
tic peak used as a monitor for the absolute mass scale as well as the
mass resolution. Furthermore the known elastic cross-section at 25 GeV/c7)
served as a check on the cross-section calculations in the inelastic re-
gion. The high-mass and low-mass spectra were obtained at two different
settings of the turntable holding the proton telescope and were joined
via the calculated cross-sections. The peak in the low-mass end of the
spectra is well fitted by the mass parameters of the A2 : M = 1.300 GeV
and [,= 100 MeV. Fitting both spectra with a polynomial background plus
a Breit-Wigner resonance yields cross-sections of dd/dt = 177/ub/GeV2
and 126/ub/GeV2 [for 1%] = 0,30 GeVzl for 25 GeV/c and 40 GeV/c respec-
tively. Thus the 1300 peak decreases with the increasing momentum by
only a factor ~ 0.7. More detailed studies, including a partial wave

analysis of the fitted n+n'nT system, are under way.

;




3. Elastic Scattering of Hadrons

Let us now take a look at the preliminary results on the elastic scat-
tering measurements at 25 and 40 GeV/c made by this group. Figure 7
shows a comparison of the new Tt p data with the published data of
PFoley et al.7> which shows excellent agreement between the two measu-
rements and lends confidence to the new data. The T{ p differential cross-
sections at 25 and 40 GeV/c are compared in Figure 8. Note that the

data seem to fit a simple exponential form over the measured t-range

of 0.09 <:|t]<< 0.28 GeV2 but that the extrapolated value of dc/dt in
the forward direction falls well below the optical point. Figure 9 shows
a similar graph for the K p elastic scattering results. The same remark
applies both for the K p and also the Pp data shown in Figure 10. The
group now have in the analysis stage some four times more data on Dpp
than is represented in Figure 10 so the slope will be better determined

in the near future. Figures 11, 12 and 13 show the values of the fitted

8)

Both Tt p and K p slopes seem to be constant but there is some indication

slope parameter b of these measurements compared with data obtained at

lower energies and fitted in the same way over a similar ‘tj—interval.

that the pp slope is still decreasing at 40 GeV/c, although the error
bars, which include statistical and systematic errors, are large at pre-
sent. Note the value of b for pp scattering seems to have fallen to a

level of ~ 10 GeV_Q.




4. Elastic Proton-Proton Scattering at the ISR

The ISR at CERN allows us to‘get a glimpse of phenomena at very high
‘energies. The data I will present are all taken at one of the three
following momenta for each storage ring, namely, 15.5 GeV/c, 22.7 GeV/c
and 26.8 GeV/c. Table 1 shows the corresponding values of s, the square
of the energy in the centre of mass and Eo’ which is approximately the
equivalent energy of a conventional accelerator using stationary target

protons.

The first experiment to be discussed is that of the CERN-Rome cblla—
borationtg). The concept of this experiment is very simple and uses

4 scintillation counter hodoscopes distributed around the interaction
region as shown in Figure 14. The two conjugate pairs of hodoscopes AB
and CD gave independent measurements of the elastic scattering. Each
hodoscope consisted of 10 ladder counters and two trigger counters,
coupled to an on-line computer. The computer classified and displayed
the events as two 10 x 10 coincidence matrices (AB or CD). Each element
of the matrix contained the number of coincidences in elements AiBj

(or CiDj). Elastic scattering events appeared along the diagonal of a
matrix since the elements A;B; (or CiDi),were collinear with the centre
of the interaction region : Figure 15 shows graphically the coincidence
matrix of a run at 15.5 + 15.5 GeV/c whith contained 45,000 events. The
prominent ridge along the diagonal reflects the characteristic angular
correlation of elastic events. To extract in a simple way the t-depeﬁ-
dence of the angular distribution, one can plot on a logarithmic scale
the number of events, corrected for the small background, along the rows
or columns of the matrix. Figure 15 also shows the results obtained by
this technique for typiéal runs at the three energies studied. In the
final analysis to extract the logarithmic slope b, the AB and CD matrices
were fitted simultaneously taking into account the geometry of the in-
teraction regibn. The values of the slope and the t-range used are
shown in Table 2, and are compared with data at lower energies in Fi-
gure 16. When taken alone, with their errors, the new results cannot
determine the energy dependence of b. However, if considered together
with results obtained at Serpukhov lO)’ they lead to the conclusion

that in the t-range investigated the shrinking_of the forward peak
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continues up to ISR energies, but less rapidly than suggested by an
éxtrapolation of the Serpukhov data. If one compares the usual simple

Regge form for b

b =D + 2al (4)

and assumes & = % one obtains a straight line as shown in the figure,

which is in strong disagreement with the data.

Contemporaneous with the CERN-Rome experiment, another measurement of

elastic proton-proton scattering was carried out by the CERN-Aachen-

11)

the CERN—RomeveXperiment in that the minimum angle measured by their

Torino group + This experiment covered a t-range complementary to
spark chamber system corresponded closely with the maximum angle cove-
red by the CERN-Rome hodoscopes. Some of their results are shown in
Pigure 17. The slopes obtalned by this group at 22.7 and 26.8 GeV were
lower than the values of the CERN-Rome group and even suggested anti-
.shrinking. However, one must note that their Itl—range was not very
small and it has long been suspected 12) that there might be a change

of slope in the small \tl-region. In order to resolve the a?parenf dis-
crepancy the CERN-Aachen-Torino group modified the vacuum chamber and
their spark chamber system to allow a small minimum value of ltl to be
reached. The results of théir measurements at 22.7 GeV/c are shown in
Figure 18. Indeed a distinet change of slope is seen at \tl ~ 0.1 GeVz.
The slope in the lower ltl-range is in agreement with the CERN-Rome ex-
periment and the slope at higher |t| agrees with their own earlier mea-
‘_surements. I note in passing that one can fit these data with the sum
of two exponentials but in that case the slope of the exponential which
dominates near the forward direction is about 30 GeV—2 ! However, other
fits are also possible with equally acceptable X2. There is also a sug-
gestion of a deviation just above the "break" in the distribution of
Figure 18, but this is possibly a statistical fluctuation, although it

seems unlikely.

The group are now analyzing similar data taken at other energies which

should shed further light on these phenomena.
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5. Particle Production at the ISR

Two experiments at the ISR on particle production have produced results
already. The first one has been carried out by the Argonne-Bologna-
Michigan collaboration and has studied the production of positively

charged secondaries at relatively large angles. Preliminary results

13) and a report was presented

-2\
at the APS Rochester Conference in August of this year qu, so I will

have already appeared in the literature
only present the results and briefly discuss them.

The results are presented in Figure 19 in the form of an invariant

: 2_sap3 (B, _4°0
cross-section E d“0/dP° (= o

of P, plotted against the scaling variable . X = P"/P

) for data taken at fixed values

max ?

where Pmax is the maximum value of P,. The data show that
the particle production cross-sections plotted in this way are indepen-
dent of the incident proton momentum within the experimental errors and
for X less than 0.5. Fig. 20 shows the same data plotted against P 2.
The authors point out the striking difference between n? production and
proton production at small values of P,. Yen and Berger 15) have attri-
buted this sharpening-up of the Tt'+ distribution as due to the contribu-

tion from the decay of low mass nucleon isobars.

Another experiment has recently produced results on the production of
§-rays in p-p interactions 16). The ¥-rays were detected by a Pb conver-
ter followed by a Tucite Cerenkov counter to detect the electron-posi-
tron pair, and a Pb-glass total absorption counter which measured the
§-ray energy. In order to reduce background a trigger was used which
demanded that a beam-beam interaction had taken place. This consisted
of large scintillation counters around the beam-pipe downstream of the
interaction region. A beam-beam interaction is signalled by one or
more particles through each of the two beam-beam counters. (One around
the vacuum chamber of ring 1, the other around the vacuum chamber of
ring 2.) The efficiency of this beam-beam trigger was about 50% and
the group studied the effects of reducing this efficiency by as much

a factor of ten, on their spectra of X—rays. They claim that this
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trigger does not introduce any bias in the results.

The energy spectra of ¥ -rays produced at 9OO are shown in Figure 21
together with data at a centre-of-mass energy of 6.7 GeV obtained some

17)

years ago at the CPS « A single exponential

an

ax A (5)

= Ce€

gives an excellent fit to the data. The average momentum Ko is determi-
ned by the fit and the results are shown in Table 3. Clearly the value

of KO is independent of energy from 6.7 GeV up to 53 GeV.

The main source of‘d-rays is np-decay. It can be shown 18) that the trans-
verse momentum distribution of ﬂ? (at 900) is given by the derivative of

the g-ray spectrum,

an(m®) -1 _a Taw(x) (6)
2 = 73K aK
dp, K=p,

provided pl>> Dir/oe Thus one concludes that the average transverse mo-

mentum of the T at 90° is <p> = 2K .

By integrating the spectra of Figure 21, one can obtain the value of
(do/aR) for production of ¥-rays at 9O0 which is shown in Table % and
in Figure 22. The cross-section appears to have reached an asymptotic

value at ISR energies.
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6. Conclusion

In line with the aim of the organisers of this Conference, I have
tried to present new experimental results in the field of High
Energy Strong Interactions. Many of these results present problems

of interpretation.

Although there seem to be many ways of fitting the new total cross-
section data obtained at the Serpukhov accelerator, usually by the
introduction of Regge-cuts, a detailed understanding is lacking.
The success of the simple Regge-Model at lower enérgiesvseems to
continue when one considers only the cross-section differences bet-
ween particle and antiparticle, but the major part of the cross-
sectlons, which is attributed to Pomeron exbhange-and higher order

terms seems to be still only partially understood.

The new data on the spectrum of bosons at high energies shows a
qualitative difference compared with lower energies. Why is the A2
meson so preferentially produced, whilst many other possible reso-

nances have disappeared into the continuum ?

The proton-proton elastic scattering at the ISR has yielded a new
feature in the angular distributiorn at very small momentum transfers.
Is this yet another manifestation of Regge-cuts or is there a more

direct and perhaps more exciting interpretation ?

Thus I conclude by underlining some questions raised by the new
data and hope that my theoretical colleagues will perhaps suggest

Some answers.
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Table 1

Centre of mass energy squared (s) and effective energy for the

three conditions of ISR operation for which data exist.

Momenta of s Eo
ISR beams 5 (Effective)
(Gev/c) GeVv GeV
15.5 + 15.5 930 500
22,7 + 22.7 2000 1060
26.8 + 26.8 2800 1500
Table 2

Values of the logarithmic slope b obtained for p-p elastic scat-

tering by the CERN-Rome Group 9).
Momenta of t range Slope parameter
ISR beams 2 b
(GeV/c) (Gev™) (GeV_Q)
15.5 + 15.5 0,015 - 0.055 13.0 £ 0.7
22.7 + 22.7 0.03 - 0.12 12.9 + 0.4
26.8 + 26.8 0.04 - 0.16 13.0 + 0.3
Table 3
Results of the ISR experiment 16) on the spectrum of X—rays at 9OO
C.M. energy Slope parameter FPlux density at 90O
s X, ( l/dinel_)_l( do/dse)
(GeV) (Mev) (sr™7)
6.7 152 + 10 0.15 + 0.02
44,7 161 + 0.23 + 0,02
b2.7 161 + 0.24 + 0,02
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Figure Captions
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1 : Compilation of particle and antiparticle total cross-sections

on liquid hydrogen, as a function of incident momentum.

2 : Differences between particle and antiparticle total cross-
sections as a function of incident momentum. The solid

lines are least-squared fits to the data shown.
3': Plot of the expression A= 3[0,(K7a) - o, (x'a)] - [0, (Fa) -
Gt(pdi], as a function of incident momentum. The error bars

are statistical errors only. The effect of systematic scale

errors is represented by the shaded region.

S~

Diagram of the experimental equipment used by the CERN-IHEP
group in their measurements on boson production at high

energies.

5 : Boson mass-spectrum obtained at CERN in various low energy

experiments.

6 : Mass spectrum obtained at 25 and 40 GeV/c by the CERN-IHEP
collaboration. The double differential cross-section

dgc/dth2 is shown plotted against M(X)?.

7 : Comparison between the W p elastic scattering data obtained

at Serpukhov and the published data of Foley et al. 7>.

8 : Differential cross-sections for J p elastic scattering.

Differential cross-section for K p elastic scattering.

(Yo

10 : Differential cross-sections for pp elastic scattering.

11 :Values of the exponential slope b for 1t p elastic scattering.

]
N

Values of the exponential slope b for K p elastic scattering.
13 : Values of the exponential slope b for pp elastic scattering.

14 :Diagram of experimental equipment at the ISR used by the
CERN-Rome group in their measurements of proton-proton elas-

tic scattering.
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Typical data obtained by the CERN-~Rome group on elastic
proton-proton scattering, using conjugate hodoscopes of
scintillation counters. The prominent ridge along the dia-
gonal of the AB matrix reflects the characteristic angular
correlation of elastic events. The angular distributions
obtained at three ISR momenta shown on the right of the
figure are obtained by projecting the data onto either the

A or the B axis.

Compilation of values of the slope parameter b for elastic

proton-proton scattering at small angles, as a function of s,

11)

: Typical data obtained by the CERN-Aachen-Torino group ’

using wire spark chambers to detect both scattered protons.

Data taken by the CERN-Aachen-Torino group after extending
their measurements to smaller angles.

Data on particle production obtained by the Argonne-Bologna-
Michigan ccllaboration at the ISR 14), plotted against the

scaling variable X,
The same data as Fig. 19 but plotted against PL2.

Spectra of &-rays produced at 9OO in the centre of mass

16)

system at the ISR obtained by the CERN-Hamburg-Vienna group

compared with lower energy data 17).

Integrated cross-section for d—ray production at 900 plotted
against Vs .

’
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