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INTRODUCTION

The first fundamental quantity that has to be measured in order to study strong
interactions is the total cross-section. In the case of proton-proton collision,
it was for a long time believed that this cross-section [0(pp)] was constant as a
function of energy. One of the big achievements of the CERN ISR was to demonstrate!)
that this cross—-section is rising at very high energy. Measurements at FNAL?)
confirmed this to be a general property of most strong interaction total cross-—
sections (Fig. 1). But for the antiproton-proton total cross—section measurements
[O(Ep)], even at the highest FNAL energies, the rise of 0(pp) has not yet been
observed. In any case, dispersion relation argumentsa) and the observation that
there are more reaction channels open for pp than for PP interactions suggest
that o(pp) will lie above o(pp), therefore rising by at least 1.5 mb over the full
ISR energy range (Fig. 1). Thus the increase would start at ISR energies and

should be large enough to be measurable.

The difference AC between 0(pp) and 0(pp) shows the strikingly simple pattern
of behaviour seen in Fig. 2. The difference A0 is well parametrized with a power

law in laboratory momentum"),

-0.61
fg = P1ab ’

and is expected to range between 2.0 and 0.6 mb over the ISR energy range. Figure 2
contains also low—energy annihilation data. While the identification of A0 with a
measurement of annihilation processes is a much debated question“), the study of

the difference also in terms of topological cross-sections and correlation functions
(together with their energy dependence) is undoubtedly an interesting piece of
physics, offering a possible tool for investigating the physical nature of the
process responsible for Ad. Theoretically, the main advantage in studying the
differences is that the contribution of the amplitudes that are odd under cross-
channel charge conjugation can be isolated. 1In the simple Regge-Mueller picture,
that complicated object called the Pomeron is, in particular, absent, thus enhanc-

ing the predictive power of the model.

We propose to measure 0(pp) at the five ISR energies, Vs = 23.5 GeV to
Vs = 62.7 GeV. The measurement of o(pp) will also be performed under similar

running conditions in order to have a minimum biased study of Ao.

The expected small relative increase of o(pp) (1.5 mb) and the limited differ-
ence A0 (2.0 to 0.6 mb) imply that the total cross-section measurement has to be

done with high precision, i.e. a relative error Ac/o < 17.

~
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The unique feature offered by the ISR, i.e. a direct comparison of pp and pp
interactions using the same apparatus, will allow us to minimize several experi-
mental biases. Moreover in recent years the ISR have improved their operation,
not only by reaching the highest luminosities but also by handling background
problems efficiently, even in low-intensity runs. Today, the reliability of the
machine gives a good guarantee of the quality of pp operations; and on this we

will base most of our further discussions.

We propose to exploit the same methods as that used for the first time at the
ISR by the Pisa-Stony Brook (PSB) Collaboration in intersection region I 8 v,
Since this proposed experiment is an improvement on the previous PSB one, using
also a good deal of the already existing equipment (now installed and operational
in I 2), we shall concentrate our attention mainly on the applicability of the
method to the pPp case and on the improvements we may get at present. Many data,
especially those for an estimate of randoms, extrapolations, and corrections neces-
sary for the determination of the total cross-section, will be taken from the

previous experiment on pp.

The original PSB set-up, based on large scintillation counter hodoscopes, has
been upgraded in experiment R209 with a drift chamber system covering almost the
full solid angles). This extension will be essential for reducing many systematic

errors on the total cross—section measurement.

The chamber system together with the largely inclusive triggering capability
of the hodoscopes will allow us to do a more precise measurement of the topoligical
cross—sections at multiplicity n, cn(pp) and cn(ﬁp), and of the several correlation

functions®).

EXPERIMENTAL METHOD
The total cross—-section is defined by .
R
- tot
0(pp)=Lo b
ISR
where Rtot is the total interaction rate and LISR is the is the ISR luminosity;

LISR will be measured by the Van der Meer method (vom) ), by displacing the two
beams vertically in precise steps. If RM(S) is the rate of a monitor M, as a

function of the relative beam displacement §, then

400
aq.
fRM«S) 46 = 2 1L, , (1)



where
I,, I, are the beam currents,
0 is the beam intersecting angle,

K = Bee? sin a/2

= B x 0.9972 x 10728 (A% cm sec) ,

%

[1 - 8% sin®(a/2)]

Oy is the fraction of cross-section seen by the monitor.

The luminosity is then measured by
L= RM/cM .

The total cross-section is thus obtained by scaling Oy with the ratio of the total

rate to measured rate.

The total hadronic interaction rate can only be measured in part, because of

the incomplete coverage of the solid angle of our scintillation counter system.
Thus

_ inel el
tot - Rpeas [1 P Nexer ¥ Mexer } ’ 2

where Rmeas is the measured rate; € accounts for inefficiencies due to dead spaces
. el
between counters and accidental losses; nextr

. L. . in
events which, at such a small angle, remain in the beam vacuum pipe; nextr accounts

for inelastic events lost by the trigger because of incomplete geometrical coverage

accounts for those elastic scattering

(mostly at small angle).

EXPERIMENTAL SET-UP

A sketch of the experimental apparatus is shown in Fig. 3. The detector is

symmetric with respect to the interaction point and consists of
- scintillation counter hodoscopes,

- a drift chamber central detector.

3.1 Scintillation counter system

The scintillation counter system is essentially the same as that used in the

PSB experimentl), now installed and running in I 2 (experiment R 209).

Each arm of the apparatus consists of hodoscopes Hl, H2, H3, H4, and TB.
The azimuthal coverage downstream from each beam is complete. Hodoscopes Hl and
H2, 2 m away from the beam crossing point, detect particles produced at angles
4° $ 6 < 33°. In a similar way, hodoscopes H3 and H4, at 6.4 and 7.7 m from the

crossing point respectively, cover a 6 interval between = 0.8° and = 6.7°. Each
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arm is completed by small hodoscopes (TB) positioned downstream from hodoscope H4,
in the region where the thin circular vacuum pipe has narrowed to an elliptical
cross—section. They allow detection of particles emitted at angles as small as
0.3°. These counters are used to recover an important fraction of elastically or

quasi-elastically scattered particles.

A large-angle detector (CI, CO hodoscopes) surrounds the interaction region
and covers the region at angles larger than 25° with respect to either beam over

the full azimuthal angle.

Dimensions, positions, and angles subtented by each hodoscope are given in

Tables 1 and 2. The geometries of the hodoscopes are sketched in Fig. 4.

In order to have a rough measure of the emission angles of the particles pro-
duced in each cone, two additional hodoscopes H26 and H46 are placed behind H2 and
H4. Hodoscopes H26 and H46 split the polar angle © into 9 and 14 regions, respec-
tively (see Fig. 5). Dimensions and angles subtented by each counter are given
in Table 3.

In a similar way the TB counters are supplemented by an x, y array of scintil-
lation counters finely divided into strips 2 cm wide (Fig. 5). A measurement of
angular distribution in this region is important for extrapolating the elastic and

inelastic events lost in the beam—pipe hole (see Section 4).

3.2 Drift chamber central detector -

The drift chamber detector that we plan to use is the same as that now in
operation in experiment R 209. It consists of 136 modules held together in plexi-
glas containers, covering the full azimuth and down to 7° in polar angle along each
beam. The details of this system have already been publisheda)o A view of the
whole system is shown in Fig. 6. Each module contains two doublets of sense wires,
each doublet facing one delay line so as to determine the space points directly,
without left-right ambiguities. The space resolution is v *0.2 mm in the drift
coordinate (polar angle) and ™~ 2.0 mm in the delay-line coordinate (azimuthal
angle). This system has proved to be quite realiable in pattern recognition effi-

ciency and operatiom.

3.3 Trigger logic

The basic trigger requires at least one charged particle in both the left and
right arm of the apparatus or in one arm and in the central hodoscopes CI, CO,
which we can write:

T = [H3*H4 + HI*H2 + TB], . *[H3*H4 + HL*H2 + CI*CO + TB]

.

right

The CI, CO hodoscopes are conventionally attributed to the right side.
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Whenever T occurs, the timing of signals coming from the counters is digitized
and recorded together with the real time of the experiment, the pattern of the hit

counters, and the chamber drift times.

The resolving time of the main trigger T is kept rather wide in order to accept
an appreciable amount of background events. The time-of-flight (TOF) distribution
of pairs of hodoscopes is shown in Fig. 7 (taken from the previous PSB experiment).
An accurate off-line analysis of these distributions will allow the precise counting
of beam—-beam events; details of this analysis will follow the same pattern as in
proton-proton case and can be found in Ref. 1. The main error in the counting of
beam-beam events is of a systematic nature because of single beam subtraction.

In the PSB experiment the error was estimated to be Vv 0.37, independent of the

ISR energy. The loss of luminosity due to the lower p beam intensity (a factor

of v 10 less than in the PSB experiment) is largely redeemed, with respect to the
signal-to-background ratio, by a better quality of vacuum inside the beam pipes
(now 107'% Torr) and the better general ISR operations, so that the determination
of Rmeas is expected to have negligible systematic error (< 0.1%) both for pp and
pp reactions. Dead-time losses and random effects, included in the factor £ in
formula (2), can be continously monitored using light-emitting diodes (LED) attached
to each counter which can simulate real eventss). Moreover, dead-space losses,
important only in low multiplicity events, can be measured in special runs in which
the trigger is modified by changing the logical AND of facing hodoscope planes

into logical OR (i.e. H3#H4 into H3+H4). 1In the PSB experiment, € was found to be
0.012 £ 0.002 and there is no reason why this correction should not be the same

in the pp interaction.

It is important to realize that, using this procedure, the measurement of the

total rate has the following advantages:

- it has proved to handle all beam conditions well, even very bad ones;

- its permits a fast and relatively simple analysis of the data, using a mini-

mum amount of computer time;

- it is highly inclusive (see Table 4 showing the fraction Rmeas/Rtot that can
be seen at each energy, and the relative contribution of each TOF in the proton-

proton case).

3.4 Trigger extensions

The trigger described in the previous section has proved to be powerful in
the pp reaction. However, a major difference exists between the pp and pp reactions;
the total charge of final states is zero in pp but two in pp. This might imply
larger trigger losses. Measurements at FNAL*»>?) show that topological cross-
sections (Fig. 8) are different mainly in the zero-prong channel (which cannot

exist in pp reactioms). This channel is expected to be negligible at ISR energies
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(< 10 ub, from the dashed curve in Fig. 8). Moreover, at FNAL energies the inclu-
sive single-particle distributions in pp and pp reactions are rather similar, lead-
ing to the conclusion that there is no evidence that the trigger will be less in-

inclusive in the pp case than in the pp one.
To additionally check unlikely topologies, we consider the following extensioms:

i) Insertion of lead converters in front of the main hodoscopes during special

runs. In this way the system will became more inclusive, detecting also m%'s.

ii) The use of a "one-arm trigger left OR right" in special runs. In this case
the rejection of the background becomes a major problem because the TOF system
no longer helps, and the tracking of charged particles and vertex reconstruc-—
tion with our drift chamber system will therefore become necessary. This

method has figures of merit complementary to the left-right trigger:

- reduction of inelastic extrapolation corrections (the rescuing of a large

fraction of single diffractive events);

- more safety in inelastic events recognition. It is possible to imagine
events, never firing a left-right trigger (annihilation with charged part-
icles in one hemisphere only, or only jets at v 90°), that cannot be rescued

by extrapolation techniques.

CORRECTIONS

4.1 Elastic losses

The minimum triggering angle (emin) is fixed by the holes in hodoscope system
to accommodate beam exit pipes. Since the elastic differential cross-section in
this region of momentum transfer t is well parametrized by do/dt « e_b|t|, it is
clear that elastic losses depend on energy. To first approximation the losses
would be

el

1
0lost

3 e 2

5000 Prsy) -
This formula shows the geometrical nature of the extrapolation, its energy depen-
dence being dominated by the PiSR factor. 1In the case of the pp reaction, the
Gel X b term varies by v 207 over ISR energies (see Table 5), while the piSR

accounts for a factor of Vv 10.

The available data on b and O, are shown in Fig. 9 for pp and pp reactions!'?).

The values of the slope for pp are approaching the pp ones from above and should be
almost equal at ISR energies. Also at PS energies the integrated cross-section has

nearly the same value in both cases and seems to have the same energy dependence.
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The way in which we can compute elastic extrapolation losses is twofold:
i) extrapolate the differential cross-section, as seen by our apparatus, to 0°;

ii) integrate the pp elastic cross—section, as measured by other groups at the ISR
or as inferred from lower-energy data, over the solid angle left uncovered

because of beam pipes.

The first method requires a study of angular distributions at small angles. This
is achieved with the finely divided TB hodoscope covering angles down to 5 mrad
(see Fig. 5 and Table 2). Some corrections have to be applied to the angular dis-
tribution because of interactions between elastically scattered particles and the
beam pipe. The amount of this effect was calculated in PSB geometry, showing that
" 207 of elastic events had an interaction and could not be tagged as elastic.

A detailed calculation of the corrections and their errors depends on the exact
geometry and has not yet been performed. It seems anyway quite conservative to
assume Ab/b v +107 and Aoel/oel N +57 as measured from our distribution. Table 5
shows the expected extrapolations and their errors. This error will of course be
considerably reduced as soon as dedicated experiments can clarify the pp elastic

scattering process at ISR energies.

4,2 1Inelastic losses

The left-right trigger loses those events having particles in one hemisphere
below the minimum triggering angle (single diffractive events). Again, the amount
of loss can be estimated from the results of the PSB experiment. Here the recovery
was performed by measuring the distribution of the maximum polar angle for each
event and extrapolating it to 0° 1), Table 6 shows what the correction was as a
function of PIsR. It should be noted that the use of a '"one arm only" trigger

would make this correction negligible.

MEASUREMENT OF THE ISR LUMINOSITY

As we have anticipated, the luminosity will be measured by the Van der Meer (VDM)

method”). As in the PSB experiment, we shall use part of our hodoscope system as
the monitor; for instance

= * * (H3%*
M = (H3 HA)left (13 HA)right

The important advantages of this monitor are:

- a large detected cross-section g, > 1/2 ©

M tot’

- high stability over months of running time;

- it is independent of beam stacks (radial position of beams);
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- good handling of background by TOF chains;
- reliable corrections (randoms, losses, etc.).

This method provided results with a relative error of < *0.5%, but with a scale
error that could not be reduced below 1.07 11). These errors were mainly caused
by rounding off errors in the current setting of magnets responsible for beam
vertical bumps, by residual hysteresis effect, and, in general, by an incomplete

understanding of the details of the ISR optics.

The most important improvement which is necessary if we want to gain in pre-
cision with respect to the previous PSB experiment, is to reduce the error on

luminosity calibration. This is possible because

i) understanding of systematic effects, such as magnetic hysteresis, has been

achieved by the use of precise scrapers in I 5 and I 7 12);

ii) the background has decreased by a factor of v 10 owing to improved ISR opera-
tions. This is a general benefit, in particular for the tails of the VDM

calibration curve;

iii) we propose to equip our intersection region with the precise magnetic beam
position detectors!?) v 3 m upstream of the crossing point. These devices
give a direct measurement of beam centroids with errors of #10 um and negli-
gible scale error.- They have been designed to work with currents of Vv 5 A,
but they can easily be adjusted to keep the same precision with the expected p
intensities of Vv 150 ma '*).

In this way we have eliminated the scale error and reduced the point-to-point
errors. The error on the luminosity integral now depends on counting rate statis-
tics and on the ratio of uncertainties in beam position (Az) to the dispersion of
luminosity curve. Quantitatively speaking, if we count for a fixed time at each

point of the curve, the statistical errors can be expressed by

AO’M_ 1
= b
OM Ntot
N being the total number of events collected in the measurement. To get a rela-

tot
tive error of #0.1% the measurement would last v 2 hours, with the optimized beams

-2

for luminosity measurements (L ~ 10%2% cm™? sec™!).

The dependence of relative error on vertical beam displacement uncertainties

can be computed. In the case of a Gaussian-shaped luminosity curve with dispersion I,

we find

AOM 1 Az

— — _

T _
Ty 2V z z
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where AS are the steps by which the curve is scanned. With standard values of Z

and AS the calculation gives

Ao
Moz .
a.

M

The monitor cross-section can therefore be safely measured with relative error
< 0.27%, the ultimate answer coming from the reproducibility of measurements over

different running conditions.

PRECISION OF THE (pp) MEASUREMENT

From all the previous discussions, we have tried to clarify the several factors
which contribute to 0(pp) and how well they could be measured. Table 7 summarizes
all the errors affecting the value of 0(pp), showing that the precision attainable
should be almost as high as the one from transmission methods at fixed-target accel-

erators. This fact also represents progress in the measurement of the pp reaction.

INSTALLATION

7.1 Intersection region

In order to explore the small-angle region, we need to have the experiment
installed in an even-numbered ISR crossing point, preferably I 2. 1In fact in this
interaction region most of the equipment is already installed and cabled. Only
three hodoscope planes need to be rebuilt: H1l (right and left) and H2 (right).
The small-angle x,y array set behind the TB counters is a completely new small
hodoscope, and it must be designed and built. H26 (right) and TB counters must

be installed.

The hodoscopes H3, H4 and H46 on the left and right arm, the CI, CO counters,
H2 and H20 on the left arm, and the drift chamber detector are mounted on experi-
ment R 209,

7.2 Experiment timetable

On the assumption that we can continue to use the equipment at present instal-
led in I 2, and based on the expected ISR timetable, we plan to install the missing

hodoscopes in January 1980.

During 1980 we shall remeasure o(pp) to check the performances of the apparatus

and, in particular, to get the beam displacement monitors operational.

In the same year we foresee applying the same method to proton-deuteron and
deuteron—deuteron reactions. The details of these extensions will be given in a

separate paper.

Physics with antiprotons will be performed partly during 1981 and mainly in
1982,
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7.3 Running

Special runs will be needed for luminosity calibration in clean ISR beam con-
ditions. Since the experiment is a high-rate one, we have in fact to optimize for
background rather than for absolute luminosity. Of course the best over-all running

conditions will be found empirically.

We will also need to alternate runs for pp and pp under similar conditioms in
order to reduce all possible distortioms in the comparison between the two cross-
sections. Also, the five standard ISR energies (Vs = 23, 31, 44, 53, 63 GeV) will

be needed so as to have the complete picture of energy dependence.

The Terwilliger scheme could be necessary to reduce the diamond spot in the

special runs with a "single arm" trigger.

Special runs with only one beam circulating in the machine will be needed for

the study of single-beam background.

PHYSICS PROGRAMME EXTENSIONS

This apparatus is able to measure 0(pp) and o{pp) with high precision. It is
also equipped with devices that allow a more detailed study of the properties of
these interactions. The drift chamber detector and the finely divided counter
system measure the final-state charge multiplicity and angular distributionms.

This also opens up the field of inclusive physics, i.e.
- multiplicity distributions and their moments,
- single-particle distributions (inclusive, at fixed multiplicity etc),
- correlation functions etc.

The scintillation counter system and the drift chamber system offer a com-
plementary way to study these processes. The former is in fact capable of hand-
ling and processing a very high number of events but with low precision (binning
effects, secondary interactions). The latter is very much better for anything
concerning spatial resolution and background track rejection, but is capable of

handling only limited statistics.

A particularly important channel that can be studied is the elastic scattering
at relatively small momentum transfer, i.e. Itl < 0.5 (GeV/c)z; to explore the dif-
ference in the shape of pp and pp reactions (cross-over effect). These events

could be tagged by requiring only two collinear tracks with the correct TOF pattern.

This apparatus can be used to study several reactions. Proton-proton and
proton-antiproton reactions can be studied with the aforesaid precision. A similar
study of proton-deuteron and antiproton-deuteron can also be pursued, hopefully by

tagging the reaction proton-neutron with the detection of the spectator proton swept
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away in the ISR bending magnet. The evaluation of the efficiency of this method

and the attainable precision will be discussed in a further document.

We would also like to point out that the investigation of antiproton-antiproton
reactions will become possible at the ISR, an option never before available.
This could be performed at lower energy, filling Ring 1 with one bunch of 3.5 GeV/c
antiprotons coming directly from the antiproton accumulator via the TT2 beam trans-
fer tunnel. This bunch could be accelerated up to the ISR transition energy
(8.5 GeV), and eventually even above it if the critical enmergy could be passed.
The other ring could be filled in the standard way. The ISR luminosity would be
L Vv 102% (cm~? sec™!) and the total rate v 4 events/sec. It is important to note
that all this does not imply any construction of tunnels etc.; it uses only the

existing facility of sending antiprotons in either direction in TT2 15),

The physics that our detector could explore in antiproton—-antiproton stacks

includes:

- o(pp). No surprise is expected since o(pp) = o(pp) via CPT invariance.
The relative error of the measurement would be Ag/o ~ 17 if we have no problem

with the background.

- Single-particle distributions, correlations, etc., are connected to the pp
reaction via C-invariance alone. A direct comparison of these distributions
could provide a test of the C-invariance at these energies in strong inter-—

actions, which should be good down to a fraction of a percent.

- Completely unexpected features of pp interactions that are different from

those of the pp case.

CONCLUSIONS

Most of the experimental set-up described in this proposal is at present
installed and operational in I 2. The main efforts that will be needed to modify

the present set-up to suit the proposed experiment are: N
i) to build H1 (left and right) using a new design;

ii) to build the small TB array hodoscopes (left and right);

iii) to build H2 right;

iv) to install all the above counters as well as H26 right.

We have made this planning having in mind that the equipment which is now
operational in I 2 will remain at the ISR to be used for the proposed experiment.

This equipment 1is

- the hodoscope system H3, H4, H46 (letf and right), H2 left, H26 left, CI, CO,

and the drift chamber detector;
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- the electronics connected to it, mainly:
a) fast NIM logic, .
b) drift chamber read-out system,
c) CAMAC and data acquisition system, including the HP on-line computer.
We would need the following help from CERN:

a) The necessary stands to hold in place the drift chamber system and CI, CO

counters, at present incorporated into the u-spectrometer.
b) Stands for the new H2, H26 hodoscopes.

As a matter of fact part of the R 209 equipment is also of interest for the
UA4 Collider experiment. Discussions are going on with that group regarding a
possible sharing of the apparatus. However, if an essential part of the apparatus
is eventually removed from I 2, we would also ask CERN to cover the effort needed

to replace it.
Computer time requests are limited to:
- fast turn—around checks on the experimental set-up;

- analysis of the TOF spectra in order to control the efficiency, background,

measurements of the ISR luminosity, etc.

This leads us to estimate that ~ 20 CPU 7600 equivalent hours per year will
be sufficient. The most time-consuming job of tracking charged particles using

the drift chamber detector is in fact planned to be done in our home institutes.

The participation of the various laboratories involved is subject to the appro-

val of each home institute.
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Table 1

Dimensions and positiomns of trigger hodoscopes

Trigger Inner Outer Distance
hodoscope radius radius from I.R.
(mm) (mm) (mm)
H1 140 1300 2000
H2 140 1300 2000
H3 90 900 6400
Hé4 90 900 7700
TB Elliptical > 300 8400
R1 = 30
R2 = 78
Table 2

Minimum and maximum angles (with respect to the beams)
covered by trigger hodoscopes

Hodoscope or 6 . 5]

coincidence mn max

(deg) (deg)

cL 25.0 90.0

co 31.6 90.0

H1 4.0 33.0

H2 4.0 33.0

H3 0.8 8.0

HA4 0.7 6.7

B 0.21 1.23

CI*CO 25.0 90.0

H1*H2 4.0 33.0

H3*H4 0.8 6.7
TB 0.3 1.23 °
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Table 4

Partial contributions of the various TOFs in typical runs
at three different energies in the proton-proton reaction

Vs = 23.5 GeV

Vs = 44.7 GeV

T

Vs = 62.7 GeV

o Contribution Contribution | Contribution
Cut in cascadel) (%) (%) (%)
Hy=Hy 52.5 65.2 65.4
TB-H. 1.9 3.9 4.4
H,-TB 1.9 3.6 4.1
TB-TB 4.2 11.7 16.0
Hy-H; 14.0 6.2 3.7
TB-H2 0.5 0.4 0.3
Ha-Hy 14.0 5.9 3.8
H,-TB 0.5 0.4 0.3
H2-H: 6.4 0.7 0.2
Hy-CO 3.0 1.7 1.6
TB-CO 0.1 0.1 0.1
| H,-CO 1.0 0.2 0.1

98 95 93

Rmeas/Rtotal
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" Table 5
Elastic loss: calculation based on (do/dt) « e—blt|
and using proton data
el
/s 0e1 AOel nextr
(GeV) (GeV/c)~2 (mb) (mb)
23.5 11.8 1.18 6.77 £ 0.34 0.272 + 0.03 0.007 = 0.001
44,7 12.8 1.28 7.2 * 0.36 1.06 * 0.11 0.027 + 0.003
62.7 13.3 1.33 7.57 £ 0.38 2.12 % 0.21 0.053 = 0.005
Table 6

Correction factors to compensate the loss of
inelastic events at small angles

Vs nin
(GeV) extr
23.5 0.0027 + 0.0005
44,7 0.0096 = 0.002
62.7 0.0139 £ 0.003
Table 7

Summary of the errors affecting the determination

of o [0(Pp) is assumed equal to o(pp)]

seoe
/s (GeV) 23.5 44.7 62.7 Ao/a
(%)
Elastic loss 0.08 0.25 0.49 -
Inelastic 0.05 0.2 0.3 -
Background - - - 0.1
Dead spaces 0.1 0.1 0.1 -
Randoms < 0.1 < 0.1 < 0.1 -
Luminosity 0.2 0.2 0.2 -
T°t?%)AU/° 0.26 0.40 0.62 | 0.1
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Figure captions

Fig. 1

Fig. 2

Fig. 3
Fig. 4

Fig. 5

Fig. 6

Fig. 7

Fig. 8

Fig. 9

. - + - o+ -
Total cross-section data for p, p, ™, T , K, K at laboratory momenta

between 10 and 2000 GeV/c. Figure taken from Refs. 4 and 9.
P1ab

Difference between 0(pp) and o(pp) as a functionm of laboratory momen-—

tum py o between 2 and 300 GeV/c. Data taken from Refs. 4 and 9.
Schematic layout of the experimental apparatus.
Schematic drawing of counter hodoscopes used for trigger definition.

Schematic drawing of hodoscope counters to measure the angular dis-

tribution.

View of the drift chamber central detector. 136 independent modules

are held by 10 plexiglas containers (Ref. 8).

Typical raw TOF spectra measured in the PSB experiment at /s = 22.6 GeV.
(Ref. 1le).

Pp topological cross-sections as a function of labdratory momentum
Piap between 2 and 100 GeV/c. Data taken from Refs. 4 and 9. The
dashed curve is an extrapolation of zero-prong data in the ISR energy

region.

Total elastic cross—section (upper side) and elastic slope b para-
meter for pp interaction (triangles) and pp interaction (open points)
as a function of the laboratory momentum P1ab between 10 and 2000 GeV/c.

Data taken from Ref. 10.



16

I

s

|

Lo yaa

|

AN

20

40

60 80 100
Plab

Fig. 1

200
(GeVic)

400 600

1000

2000



100 I T T TTTT T nTIllll} T T 1T T ! 1

. o BNL
: Q\Kr_-{‘ ® Serpukhov
L \% O FNAL

A

—3
o

T llllﬁ[

‘g%\’} Annthilation

(0w (BP) =G (pP) (mb))

—3

LI ITIIII

| Illllll [ N

11 lJlllJ

ISR Range l
|
i Llllllll 1 | II]LLll 1 1 Illllll |
‘ 10 100 1000

Py (GeV/c)

Fig. 2



€ 'bL4

1437




TS

wDag

w002 001 0 g1

\ 7HEH




.....................

==




Fig. 6



BB B1 B8 BB B2
ol I F
54103k
7~
6 L
S5 3L
4L
3 2~
2 -
1~
1+
0 L 1 L 1 1 ! ) 1
TQF H,H, TQF H,H, TOF H,H,
8‘1 B‘B B2 BB.Bt 88;81 B2
L ) ] 1 !
T0F H,H, TOF HCO T0F H,CO

Fig. 7



g8 ‘b4

(one9) "'d
000S 000L 00S 00t 09 0]} )

K _ N _ I _ .0l

= “ ” // (014 gl P@— i
| AN
[ M oswgusi T g /" .
— | | e 3.0l
L | X 1
i 2 - o 94 |
B x\x ]
B 8 I loO_‘
B A
- N ol
- 8 -8 9 o |
- HJ\ ﬂ|J - .
- ) *NuOmm@HYu& ol
Su0I}23s ssold |paibojodoy dd Lo7¢

[ | [ 1 | _ L1 | | P




ou (mb)

b (GeV™’)

T

TITIIHI I Illlllll

Elastic scattering

llillLlI ! Lllll!ll

100 1000
p(cD (GeV/C)

Fig. 9




	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

