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1. INTRODUCTIGON

The storage of antiprotons in the ISR uill open up many areas of
physics for investigation. We have outlined the range our interest
in this field in a letter of intent[1] and in this proposal we con-
cern ourselves uwith part of that physics, namely the louw pt, “1ln s”,
physics and with a detailed comparison of pp and pp interactions.
This physics is of fundamental importance and can be investigated
quickly. The other areas, such as hard scattering, lepton produc-
tion, and annihilation processes, will not be discussed here, but ue
plan to study these in a second phase.

In the category of In s physics uwe include the soft scattering
processes which make up most of the pp total cross section. Topics
to study include pp elastic scattering to large momentum transfer, pp
total cross sections, and a study of minimum bias events to determine
topological cross sections, inclusive production, and particle corre-
lations. A comparison of these processes uwith pp interactions is of
basic interest.

Althoﬁgh there is not a great amount of running time involved ue
consider the physics topics to be of such importance that they should
be amdng the f{first items studied when antiprotons become available.
Because the event rates for many of the processes are large, this
first stage program can proceed even if the ISR luminosity has not
yet reached the expected value. The second stage will require the

maximum possible luminosity.
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2. EXPERIMENTAL EQUIPMENT

We plan to use the Split Field Magnet Detector(2], shown in figure
1, in basically its present form. The detector consists of approxi-
mately 70,000 wires of proportional chambers covering essentially all
4n steradians of solid angle. The acceptance in rapidity and azimuth
is shoun in figure 2 for the SFM as it existed before 1977 and as it
exists nou. Two dipole fields of opposite polarity give momentum
measurements over most of the solid angle and an array of time of
flight counters and gas threshold Cerenkov counters aid in particle
identifcation. It is important to emphasize that this detector has
been running in the present configuration since 1977 and is a well
understood apparatus.

The only modification necessary for pp running is the installation
of a new vacuum chamber to accomodate the different ISR orbit for
antipraotons. This has been reported on extensively elseuhere[3] and
will not be discussed here.

We plan to use the entire array of existing time of flight coun-
ters and the Cerenkov counters as shoun in figure 1.

The present luminosity monitor can be improved on and, in fact,
represents one of the limits to some pp/pp comparisons. We are pre-
sently looking into the monitors available to see what improvements
can be made with a reasonable effort. For example, in order to make
a meaningful measurement of the total «cross section difference it
uill be necessary to reach a relative p/p precision of at least one
percent.

The analysis programs for the SFM already exist and can be used
wuith very few changes. In particular, the basic track finding chain

can be used in its present form.
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The hardware and software status of the SFM uere recently revieuwed

in detail before the ISRC[4].

3. PHYSICS

We shall describe, in order, elastic scattering at small and large
t, inelastic interactions (minimum bias), total cross sections, and
some selective triggers.

When estimating rates we shall aluays assume for pp a luminosity

of L = 5 x 1028 cm 2sec™!.

3.1. Elastic Scattering

Experiments on pp and pp elastic scattering at relatively small
values of |t| vyield information on the overall spatial structure of
the proton and antiproton. One aim of our proposed experiment is to

perform a detailed comparison of pp and pp elastic scattering.

3.1.1. 0.05 < [t] < 0.5 cev?

In this angular region ue want to determine the shape of the pp
and pp distributions; in particular their slope (or slopes), the
cross-over point, and the variation with energy.

An early experiment at the ISR[5] has shoun that at Js = 52 GeV
the pp elastic differential cross section 1is characterised by the
presence of tuo exponential slopes, with a break at Itl % 0.15 GeVZ2
(figure 3). For |t| ¢ 0.15 GeV? the cross section is described with

the exponential form

dosdt = Aebt N
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with b = 12.4 Gev-2; and for |t| > 0.15 GeVZ with b = 10.8 Gev~2.
Recent experiments at Fermilabl6], at louer center of mass ener-
gies, suggest instead that the t-distribution is described by the

form
dosdt = A exp(Bt + Ct2?) (2)

(see figures 4 and 5).

We propose to repeat in 1980 an accurate measurement of pp elastic
scattering at small t values at one or tuwo energies. In addition to
helping us prepare for 1981 running, this will allow a precise check
of the t-dependence of the cross section. In 1981 we propose to mea-
sure pp and pp elastic scattering in this angular region for at least
three energies.

For Itl < 0.5 GeVZ the elastic cross section is large; thus there
are no problems uwith counting rates. The elastic trigger is simple:
we shall require two and only tuo cﬁarged particles going in opposite
directions and correlated in the vertical plane. We plan to use only
a limited -fraction of the available ¢ acceptance in order to limit
the effects of the movements of the interaction region jn the hori-
zontal plane.

A comparison wWith previous experiments indicates that a precise
analysis requires approximately 500 000 events at each energy and for
each type of collision. This level of statistics will yield the par-
ameters of equation (2) with statistical precisions of AA/A ; *+0.5%,
AB/B = *0.6%, and AC/C = *5.0%.

For proton-proton collisions, data taking 1is limited only by the

acquisition rate of 30 events per second. The required statistics
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can then be obtained in a few hours.
For pp collisions, the total number of elastic events for Itl >

0.05 GeVZ is given by

tmax
NC[t]>0.05) = L (a¢s2m) 1) dosdt dt
tmin
z L (Asb) (A#/21) exp(btpin) (3)
Assuming L =5x 1028 cm~2 sec™ !, A = 80 mbsGeV~2, b = 12 GeV~2,

and A¢/2m = 1/6 one obtains 30 events per second. Thus for pp elas-
tic scattering at small t the rates are high and the measurement uwill
be done as quickly as for pp.

It is someuwhat more difficult to estimate the precision with which
the crossover point will be determined, but it should be better than

0.05 GeVZ. For comparison, data from FNAL[7] is shown in figure 6.

3.1.2. 0.5 ¢ |t] ¢ 5.0 Gev?

In this t-range the pp elastic differential cross section is char-
acterised by a minimum at ltl - 1.5'cev2, a maximum at 2.0 GeVZ, fol-
lowed by an exponential decrease (see figure 7 and reference [81]).
The location of the minimum moves toward smaller values of |t]| uhen
the center of mass energy increases.

We plan to measure pp elastic scattering in this angular range 1in
order to establish if such a dip-bump structure also exists in pp and
to see if it has the same energy dependence as in pp. For this last
purpose We need to perform the measurements at at least three ener-
gies.

The high t elastic trigger is similar to the one used for low t
elastic scattering; we shall require two and only tuo charged parti-

cles going in opposite directions. Since the cross section in this
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"region is small, the trigger has to be tighter than in the previous
case: We shall require anticoincidences of charged particles outside
the forward and backuward cones, and remove elastic scattering events
for |t| < 0.5 GevZ.

If the pp differential elastic cross section is similar to the one
for pp, we shall obtain approximately 200 elastic events per day for
|t| > 1.0 GeVZ (to be compared with 40000 for pp). A meaningful mea-
surement requires about 100 hours of running time per energy. If the
luminosity would be louwer than the assumed value of 5 x 1028 cm~2
sec™ ', it should still be possible to obtain a meaningful measurement

by including the large angle elastic trigger when performing inelas-

tic measurements.

3.2. Minimum Bias Triqger

Because of its nearly total coverage of solid angle, the SFM is a
unique device with which to study minimum bias events. A minimum
bias trigger has existed for a long time on_the SFM[9] and since the
improvements of 1977 it covers 96 percent of the total pp cross sec-
tion with a beam-gas-background in the +trigger of less than 2 per-
cent. It is defined by requiring three or more hits in any one of
the three regions of the detector. Even with the reduced luminosity
of the p running, the‘trigger rate is several orders of magnitude

greater than the data acquisition rate of 30 events per second. In a

few hours of running at each energy a sufficiently large sample of

data can be taken. Houever, it is important that this running takes
place during very clean conditions. A feu short special runs may be
necessary.

The analysis time for minimum bias events is about 1 second (CDC
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7600) per event, and it is this uwhich limits the number of minimum
bias events used for physics.

The analysis of these events would proceed 1in several stages,
requiring progressively larger numbers of events. From a relatively
small sample, about 20000 events, we shall extract the following: a)
the topological cross sections, b) mean number of charged particles
and higher order moments, c¢) mean transverse momentum, d) single par-
ticle inclusive spectra in rapidity and transverse momentum, and e)
particle correlations (for example, short and long range rapidity
correlations). Figure 8a shows a rauw charged multiplicity distribu-
tion from the SFM of pp data at Js = 62 GeV. When the data are cor-
rected for the approximately 15 percent of the tracks that are not
reconstructed and the low multiplicity diffractive events removed,
the distribution of figure 8b results.

To study other topics is may be necessary to analyze a larger num-
ber of events. However, a fast selection process can be envisioned
so that most events will not be anaiyzed in full. By writing a rea-
sonably large number of events on tape and using a fast filter to
select the .subsample of interest, high statistics can be achieved at
modest computer cost.

3.3. Measurement of Ac é 040t (PP) - 04,3 (pp)

From the measurements of elastic scattering at small angles and of
inelastic interactions in the minimum bias mode we shall in principle
obtain two independent measurements of the difference of the pp and

pp total cross sections. In particular:

i). From the ratios of the differential elastic cross sections for
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pp and pp for Itl ¢ 0.5 GeVZ, using the optical theorem one has

o2 (pp) [dosdt(pp) 1= [1+p(pp)]
= (4)
a2 (pp) {dosdt(pp)lt=e [1+p(pp)]

where p = Re f(0)/Im f(0) and the t = 0 differential cross sec-
tion may be obtained by fitting the elastic data to equations
(1) or (2).

With the statistics envisaged in section 3.1.1 for elastic
scattering, uwe can measure Ac to a statistical accuracy of about
0.2 mb (to be compared to a Ao of 1-3 mb). But in order to make
effective use of such accuracy one needs a better monitor, as

discussed in section 2.

From the ratios of minimum bias events:

o(pp) N(pp) L(pp)
= (5)
oc(pp) N(pp) L(pp)

where N(pp) and N(pp) are the corrected number of minimum bias
events. Here the relative luminosity precision is more impor-
tant because the measurement of cross section 1is proportional
to L, while in i) it is only proportional to L. Nevertheless
the statistical accuracy would be adequate to a precision on
0.2 mb.

These measurements will be otained in the natural course of
the experiment but will not be as precise as those of experi-
ments R210 and R211. Houwever, the data could provide a useful

corroboration if a suitable luminosity monitor is obtained.
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Selected Irigqers

We plan to use a number of selected triggers (probably to run in

parallel uith the large angle elastic scattering trigger) to select

some specific channels which could be relevant to In s physics prob-

lems.

i).

ii).

iii).

Examples of triggers under study are:

20% cerenkov trigger

At present there are no data on K/uw or K/p correlations. By
triggering on one or more particles going touward the 20° Ceren-
kov counters ue could obtain Cerenkov identified tracks to ena-
ble us to study rapidity correlations with a K or p 1in the

region of the Cerenkov counter.

nt, 1w~ spectra at large angles.

* and w~ spectra produced at 90° in pp <collisions

The 7
should be equal because of CP conservation. We may attempt a

comparison for pions produced at large angles at the highest

ISR energy.

Diffractive Trigger

This trigger uwould require a total of less than 6 particles
with none produced at large angles. A specific example is the
reaction pp » (Prutn - )+(pn*n~), but other reactions will also be
present. The comparison of the various diffractive processes

should give further information on Pomeron exchange mechanisms.
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4. SUMMARY OF REQUESTS

We would like to take data at three energies, preferably Vs = 20,
52, and 63 GeV. Because it is likely that many wusers will want a
variety of energies 1in the early periods of pp running we are pre-
pared to take data at a number of energies and uith special condi-
tions such as the use of the Teruilliger scheme. 1f more energies
are available we will take low t elastic scattering and minimum bias
events but will place a louwer priority on processing them.

Table 1 showus our minimum needs for computer and beam time. Some
of the numbers are necessarily only rough estimates because selection
and reconstruction times are not well knoun. This is particularly
true of the special triggers and second stagé minimum bias process-
ing. As can be seen from table 1, we request 500 hours of running
time of which 75 hours represents pp running, 25 hours of it to come
in 1980. “The estimated computer needs are 300 TDC 7600 hours, to be
shared among the collaborating institutions.

In table 2 we estimate the available computer time in 1980 and
1981 at each of the laboratories. Because of the already large back-
log of SFM processing for pp data, we are planning to use the CERN
computers only for Monte Carlo generation of track finding parame-
ters, bicycle- on-line checks of the data, fast filtering, and pro-
cessing a small number of events to validate the programs being run
at other laboratories. As the table shows, the available computer
time exceeds our minimum requirements.

In summary, uWe are requesting 500 hours of beam time, 25 Aours of
it to be pp running in 1980, 50 hours of pp in 1981 and the rest pp
running early in the pp program in 1981, The request for computer

time at CERN is minimal.
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In a future communication we will better specify our plans for the

second stage of p running.
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Table 1: Summary of Beam and Computer Needs

pp (3 energies)
elastic scattering
low t
high t
minimum bias
full sample
reduced sample

(full analysis)

selected triggers

pp (3 enerqgies)

elastic scattering
and minimum bias

TOTALS

events
per
energy

5x10°%

1000

5x10°

2x10"%

same
as
above

total
data
taking
time
(hrs)

12
300

12

same as
high t
elastic

75

500

CDC

time

per
event
(secs)

1.0

same

above

total
time
(coc
hrs)

60

35

50

100

300
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Table 2: Available Computer Time in CDC Hrs

1980 1981
Ames 20 120
Bologna 20 80
CERN 20 40

Heidelberg 20 40

TOTALS 80 280
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FIGURE CAPTIONS

Split Field Magnet (SFM) detector 1in the late 1980 con-
figuration.

Acceptance of SFM detector as function of rapidity y and
azimuthal angle #. (a) old detector (pre-1977) and (b)
present detector.

t distribution for pp elastic scattering for |t|<0.4

GeVZ at a center of mass energy of 53 GeV[5].

dosdt for elastic pp scattering at 200 and 175 GeVs/cl6].
Local slopes for wp and pp elastic scattering in the louw t
region[6].

(a) normalized pp and pp elastic differential cross sec-

tions. (b) location of the cross-over point, t. as a

function of lab momentum(7].

pp elastic differential cross sections for |t|<4.0
GeVZ at Jys = 23.5 to 62.5 GeVI[8].

SFM minimum bias trigger for pp collisions at Js = 63 GeV.
(a) Observed charge multiplicity distribution; (b) charge

multiplicity distribution corrected for acceptance and

with diffractive events removed (preliminary analysis)[4].
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