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ABSTRACT

Differential cross=-sections for elastic scattering of pions and protons on
helium have been measured at incident momenta ranging from 50 to 300 GeV/c in the
t-range 0.008 < ]t] < 0.05 GeV2, Both recoiled a-particles and forward particles
were detected in this experiment. The experimental method provided an absolute
normalization of the cross—sections with a precision of 1Z. From the analysis of
the data, the diffraction slope parameters and total cross-—-sections have been

obtained. The results are compared with Glauber model calculations.
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INTRODUCTION

The study of the interaction of high emergy hadroms with nuclei is often con-
sidered as a possible tool to investigate some features of the hadrom-nucleon in-
teraction. In particular, one approach, which is much discussed, is the inelastic

3 that the s-—

shadowing correctionl) to the Glauber theory. It was suggestedz’
dependent part of this correction at energies higher than 100 GeV might be related
to the triple~Pomeron vertex which plays an important role in the strong inter—
action theorya).

From the theoretical point of view it is preferable to study such effects in
light nuclei, where the analysis of the results is less complicated. A great deal
of the theoretical studies of the shadowing effects comcerns the hadron-deuterium
scattering. However, the shadowing effects in this reaction are very small, and
it is not easy to separate them from other possible correctionms to the Glauber
model. In hadron-helium scattering the shadowing corrections should be an order of

magnitude bigger5), so there is a hope to study these effects in a more reliable

way.

One method to determine the inelastic shadowing correction Acin is to mea-—

sure the total cross—section Tpa of the hadron~nucleus interaction. Then

Gl

b0 = %ha T %ha

where cgi is the total crés;—section calculated within the Glauber model. An-
other way is to measure tﬁe'slope parameter of the diffraction cone, since the in-
elastic shadowing should increase the slope parameter. To our kmowledge, there
was so far mo absolute measurements of the total cross-section for hadron-helium

interactions at high energies.

The elastic p-“He differential cross-sections have recently been measured
in a jet-target experiments) at Fermilab in the emergy range from 40 to 400 GeV.
The p-“He cross—sections were normalized to the p-p cross—sections using a
(*He + lH) gas mixture in the jet. The measured differential cross—sections were
found to be considerably (v15%) below the cross—sections calculated within the
Glauber model, which indicated an important role of the inelastic shadowing cor=
rection to the p-%He total cross-section. This correction proved to be prac-
tically independent on s. In fact, this required either to assume scme rapid

increase of the inelastic correction below 40 GeV, or to comsider the observed
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effect nct to be due to inelastic shadowing, but a result of some defects in the

Glauber model which do not depend on energy.

Another problem revealed by the jet-target experiments is the relative shrink-
age of the diffraction comes in p-p, p-d, and p-"He scattering. If one para-
metrizes the s-dependence of the slope parameter as b = bg + b; 1n s, then ac-—

cording to Reference (6)

by (p-p) = 0.5620.05 GeV™?
b; (p-d) = 0.96£0.02 Gev~2
b; (p-*He) = 1.13z0.18 GeV™2

In the framework of inelastic shadowing it is difficult to explain why there is
a big difference between by (p-d) and by (p-p), but no difference between the

by (p-d} and by (p~“*He) parameters.

A study of 7-p, mn~"He, p-p, and p-“He small-angle scattering has recently
been undertaken in the WA9 and NA8 experiments at the CERN Super Protom Synchro-
tron (SPS). The main purpose of these experiments was to measgure the real part
in the W”p forward amplitude, but also the w-p, w—“He, p-p, and p—“He
slope parameters could be determined from the experimental data. Here, we report
on the results of the analysis of the n-“*He and p-"“He scattering data. The
elastic scattering differential cross—sections have been measured in the t-range
0.008 < t < 0.05 GeV2 at energies ranging from 50 to 300 GeV (n=“He) and from
100 to 300 GeV (p-"He). The cross—sections were normalized absolutely with a
precision of 17 (NA8) to 27 (WA9), which made it possible to determime, through
the optical theorem, the total cross-section of the m-%He and p-"He inter-
actions. Also, the slope parameter of the diffraction come has been determined.
Due to the absolute normalization of the cross-sections, the data allowed quanti-
tative comparison with the results of calculations with the Glauber model. Using
this model, we determined the slope parameters for pion-nucleon and proton—nucleon
scattering from the =-%“He and p—“He data and compared the obtained results

with recent direct measurements c¢f the m-p and p-p slope parameters.

THE EXPERIMENTAL SET-UP

Both the low-energy recoil a—particle and the high—energy beam particle are

detected and measured in this experiment, In Figure 1 is given a schematic lay-
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out of the NA8 experiment, showing the recoil detector IKAR, the foxrward MWPC-
magnet spectrometer, the trigger scintillators, and the particle identifiers. The
lay-out of the WA9 experiment differed only in some details, and has already been

7)

described elsewhere ’, where the first results on the m p scattering were repor-

ted.

7,8)

The recoil detector is an iomization chamber which serves as a gas target
and as a detector at the same time. The chamber was filled with a mixture of He
(8 atm) and H, (2 atm). WNeither of the gases had an impurity content exceeding
10", Two of the six separate ionization chamber cells in IKAR are shown in
Figure 2. Each cell contains an anode plate and a cathode plate, 12 cm apart,
mounted perpendicularly to the beam direction. An earthed wire grid is placed

2 cm away from the anode., When an incident beam particle makes an elastic colli-
sion with a target “He nucleus, this nucleus recoils out in a direction almost
parailel to the electrode plates, ionizing the gas along its path. The electron
track thus created in the gas will start to drift in the high electric field to-
wards the anode plate. The unshielded cathode will feel a signal immediately
after the collision as the electrons start to separate from the ions, whereas the
anode signal will appear only when the electrons drift through the grid. The
electron drift time from cathode to anode is 22 usec. The anode plate is divided
into three rings (A, B, and C) that are mounted concentrically around the beam

axis.

The recoil kinetic emergy T_ can be derived from the pulse height of the

R
anode A signals. The "He ' reccils were detected in the energy interval

1 MeV £ T, € 6 MeV, The range of the “He recoil did not reach outside the anode

R
A zone; and anodes B and C were used only to reject long-range background
particles. The recoil track projection XR on the beam axis can be obtained from
the rise-time of the anode A pulse, as this time is a measure of the inclination
of the electron track as it traverses the grid. Furthermore, the delay of the
anode pulse with respect to the passage of the beam particle is a measure of the

distance ZR of the recoil track from the cathode,

Alpha sources (234U} that had been deposited on each cathode were used for
the TR -scale calibration. In two cells, o-sources had been deposited alsoc omn
the grids to control the amount of electrons lost during their drift in the ca-
thode-grid space. Such losses are the result of adhesion of the electrons to
electro-negative impurities such as 0, contained in the gas mixture. In the

present case, the losses due to electron adhesion were about 0.97 per 10 cm drift.
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The beam enters and leaves the pressure vessel through steel windows that
are 270 um thick and 80 mm in diameter. In the region where the beam traverses
the chamber electrodes, these windows are made of thin aluminium foils of a total
thickness of 360 um. The ionization emergy left in the gas by a relativistic
particle is about 50 keV in each ionizatiom chamber cell, The corresponding sig-
nals on the chamber electrodes are suppressed by sending pulses of the same mag-
nitude, but of opposite polarity, to the electrodes each time a beam particle
passes through the chamber. The fluctuations of the ionization produced by the
beam particles determined the emergy resolution of IKAR at high beam intensities.
At a beam intensity of 10° particles per 1 s spill, the resolution was 130 keV
(FWHM), independently on the pulse height. The corresponding resolution in the

four-momentum transfer squared was At (FWHM) « 10™2 Gev2,

The resolution in the XR measurements was GXR = (1.5+%3) mm, and that in
the Z, determination was o, = 0.3 mm. The effective target length in each cell
R
was defined as Z . £ Z % Z , where Z . = 10mm and Z = 90 mm. The
min R max min max

electron drift velocity W was determined from the experimental data with a pre-
cision of 0.2%, the gathode-grid distance d was known with a precision of 0.1%
(d = 100,0+0.1 mm), and the gas pressure was measured with a precision of 0.17%,
which made it possible to determine the number of He-nuclei in the effective

target length with a precision of 0.47.

The forward spectrometer served to determine the scattering angle © and
tﬁe momentum Pout of the forward scattered particles. Six blocks of multiwire
proportional chambers (MWPCs) (PC1-PC6) were used to measure the horizontal
(x1-%xg) and vertical (yi1-¥s) co-ordinates of the forward particle. The values of

& and Poyr Were obtained using the following relatioms:

62 =82 + 62 - 20 (1
proj
g =Xy — X3 X "X
X L2 Ll
(2)
s =¥u-Ya“-Y¥2 o3l
y Ly 11
-1 Xg = X5 _ Xy — X3 ~
Pyt const [ s 1, } (3

Here, is the angular resolution of the forward spectrometer; Lj, Ly, L3

o}
8 ,
Proj .
are the distances between the PC1-PC2, PC3-PC4, and PC5-PC6 blocks, respectively.

AL IR RN L A R s RS e s e s ae e awn 4w
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Blocks PCl, PC2, and PC3 contained four MWPCs each (two chambers in the X-plane
and two chambers in the Y-plane). Block PG4 contained six such chambers. The
wire spacing in all MWPCs was 1 mm. All these chambers were tilted around the
central wire by an angle ¥ =z 10° with respect to the beam direction. This in-
creased the probability for a two-wire hit to 507, which had the effect of impro-
ving the spatial resolution of the chambersg). Furthermore, adjacent chambers
with parallel wires were shifted by 0.25 mm with respect to each other. The re-
sulting spatial resolution of each MWPC block was FWHM = 0.25 mm. Block PC5
contained six X chambers and two Y chambers, while block PCé contained only fwo
X chambers. The useful areas of the chambers were 32 x 32 m? in BCl and PC2,
48 x 48 mm? in PC3, 160 x 160 mm? in PC4, 192 x 192 mm* in PC5, and
287 % 287 mm? in PC6. The alignment of all the MWPCs was performed using beam
particles, and the resulting precision was better than 50 pm. The angular accep-
tance of the forward spectrometer was close to 100Z for the t-range under inves-
tigation. 1In order to minimize hadronic interactions of the beam particles with
the air and to reduce the multiple Coulomb scattering, vacuum tubes were used
between the MWPC blocks. For the same purpose, a He bag was used inside the
magnets Bend 5-Bend 8. Tne momentum resolution of the forward spectrometexr was
UPout/pout
varied from o, . =32 yrad at p = 100 GeV/c - to 9y _ = 18 prad at
proj proj
p = 300 GeV/c,

The high-resolution beam spectrometer, provided in the incident beam as a
general facility, gave information on the momentum of each beam particle within
the momentum bite defined by'the momentum slit. In the experiment, the momentum
defining collimator was varied in order to maintain the intensity in the secondary
beaw line at a constant level, and as a result the momentum bite varied between
ap = #0.2% and Ap = tlZ. The resolution of the beam spectrometer was estimated
from the data to be cp/p = 0,05%. The mean absolute momentum of the beam parti-
cles was determined from the data of the present experiment with a precision of
0.15%. The details of this procedure can be found in a special reportlo).

*
Table I shows the results of these measurements. Here, P and P, are the

measured and the nominal value of the beam particles momentum, respectively.

For identification of the incident hadroms, two differential ferenkov counters

(CEDAR I and CEDAR II) and two threshold counters {T41 and TH2) were used. Muons
were identified with two scintillator counters of dimensions 420 x 410 mm? and

480 x 510 wmm? interspaced‘by a 1 m thick iron block. These counters were placed

= 0.2-0.3%. The resolution in the forward scattering angle measurements

R e L
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downstream of the beam stopper. The total thickness of iron in the beam stopper
was about 5 m. For identification of electrons, an electromagnetic shower detec-
tor was used, consisting of 13 scintillator counters 600 x 600 mm® 1in dimension,
interspaced by lead plates with a thickness of 15 to 50 mm, followed by 5 scin-
tillator counters of 700 x 700 mm?, interspaced by 50 to 100 mm thick iron
blocks.

The beam particles interacting with material in the beam line upstream of
IKAR may produce showers, which reach IKAR, thus creating ionization pulses which
constituted the most important background in the experiment. To protect the
chamber against the beam hale particles, a 3.2 m long iron collimator with a 40 mm
channel for the beam was installed just upstream of the ionization chamber. Fur-
ther elimination of the shower background was achieved with a shower detector A3
placed just downstream of IKAR. This detector was made of four separate square
scintillators, mounted as the four quadrants in a square of dimensions
650 x 650 mm? with a central opening of 50 x 50 mm?., A lead plate of 20 mm
thickness was placed in front of each of the four A3 counters. These counters
were used to form a coincidence signal, when at least three hits were registered.
If such a coincidence appeared during the registration time of IKAR (25 usec),

the event was rejected,

A set of scintillator counters S14, S1B, S24, S$2B, Al, A2, A3 was used to
trigger the system and to define the incident beam traversing IKAR inside the beam
channel. The scintillators S1A and S1B were 1.5 mm thick and had a surface of
32 x 32 mm®., The dimensioms of $2A and S2B were 330 x 330 mm?; those of Al were
220 mm outer diameter with a 30 mm diameter hole; for A2 they were 220 mm outer
dizmeter with a 40 mm hole. No veto counter was used downstream of IKAR, except
A3, with the aim to avoid killing of events accompanied by bremsstrahlung gammas.
For this reason, the A3 counter was used only on a coincidence majority level 3.
It was checked in a special run, that on this majority level the A3 counter did
not affect the detection efficieny for good events. Special care was also taken
to provide 1007 efficiency of the counter S2 = S2A u $2B. The global and the

local efficiencies of this counter were under permanent control.

MEASUREMENTS AND RESULTS

The secondary beam used in the experiment was derived from a 400 GeV primary

proton beam, The beam was focused onto IKAR, and the dimensions of the beam spot
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at focus were about 10 ¥ 10 mm®. The intensity of the beam was 8 x 10° par-
ticles over an effective spill length of 800 ms, and the burst cycle time was

10.8 s.

The trigger was formed on three sequential levels. The first-level trigger
was S1A-S1B-(S2A U S2B)+Al+A2+A3. This trigger strobed PCl-PC4 and gave a start
signal to a Special Digital Processor Unit (SDPU)ll). The SDPU received infor-
mation from PCl, PCZ, and PC4, and calculated within 250 ns whether or not the
scattering angle was bigger than a preset threshold value., If this was the case,
a second-level trigger was produced. With a threshold value corxesponding to
|t] = 3 x 1073 Gev2, the reduction in the trigger rate due to the SDPU was around
a factor of 250. The probability for a good event to be rejected by the SDPU was
estimated with a Monte-Carlo simulation taking into account the experimental an~

gular resolution of the forward spectrometer. The number of rejected events in

the measured t-range was found to be negligible.

The second~level trigger strobed the MWPCs in blocks PC5, PC6, BS1-ES4, and
opened the gates of the IKAR shapers. If a cathode signal arrived within 4 us,
followed by an anode signal within 25 us, the data acquisition system was trig-
gered. The reduction in the trigger rate due to the IKAR trigger requirement was
about a factor of 25, and as a result about 100 events were sent on tape every
burst. These events contained about 30 elastic scatterings having a recoil energy
of 1 MeV ¢ T

£ 6 MeV and lomgitudinal track positions of 1l cm g Z_ £ 9 cm.

R R

In the data analysis, the events were first selected using the following

criteria:

i}  the forward particle track should be reconstructable in each PC block;

ii) the forward particle should be neither a muon nor an electron;

iii) the momentum of the scattered particle should be within #5% of the momentum
of the incident beam;

iv) there should be no pulses on the electrodes B and C of IKAR with amplitudes
higher than .5 MeV;

v) the longitudinal recoil track position should be within 1 em < ZR < 9 cm.

Most of the events selected with such requirements are elastic scatterings,

as can be seen from Figures 3 and 4, where correlation matrices of T, wversus

R
Xy and of T, versus the difference A = |(p08)2/2MR—TR| are presented for

T -“He scattering at pg. = 250 GeV/c. The final selection was performed cutting

the tails in these two-dimenstional distributions. This was done using the
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x2-distribution method. The x2~distribution was formed by the two terms represen-
ted in Figures 3 and 4. This distribution is shown in Figure 5. The cut in the
y2-distribution was put at x?2 = 15, The final result was proved to be independent

on the cut position chosen within reasonable limits.

The next step in the analysis was subtraction of the background at x2 < 15
and correction for the inefficiency of the apparatus. This was done by '"test
events" which played an important role in the experiment. In parallel with the
data acquisition, test pulses were generated by a test generator and sent to the
IKAR electrodes. These pulses simulated recoils of different energies and posi-
tions in each of the 6 cells of IKAR, Each recoil test signal was sent in coin--
cidence with a real incident beam particle. Of the order of 10 such triggers were
generated during each accelerator pulse, and the data from all detectors of the
experiment were read out on the tape as for the real trigger events. The test
events gave a possibility to measure the inefficiency of each part of the equip-
ment, and to control different kinds of rejections, such as rejection of the e-
vents with incident trajectories not satisfying the requirement of 1007 angular
acceptance (vlZ correction) or rejection of the events with xz > 15 (v1.5% cor-
rection). The total correction for the inefficiency was about 15% and it was
measured with an accuracy better than 0.5%Z. To determine the contribution of the
background under the y%-peak, we subtracted the x2-distribution of the test events
from those of the physical events, and tﬁe remaining background was fitted with a
constant level in the region 15 < x? < 50. This level was then accepted as the
level of the background also at x2 < 15 (see Figure 5). The correction due to

the background was typiéally 17 for TR'Q 1 Mev and 0.5% for Ty = 6 MeV,

We estimated possible contributionms to the selected events due to semi-
coherent reactions of the type h + “He -~ h + “He* +h + p + 3 or
h+ *He + h + n + 3He. This contribution was shown to be less than o.1% for

the first reaction and less than 0.5%7 for the second one.

" 7o determine the differential cross-sections dg/dt, we used the recoil

energy as a measure of the four-momentum transfer:

|t] =2 M Ty -« (4)
where MR is the recoil mass. The.TR-scale was calibrated in the following
waylo). For the events with the recoil energy TR equal to the energy Ea of

the o-particles emitted from the a—source, the o-source signals represent an
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absolute calibration reference which does not rely on any assumptions about the
relation between ionization charge and recoil energy, or about the linearity of
the pulse~height registration electronics. This reference for TR at Tﬁ = Ea
will in turn provide an absolute reference for a certain value t* of the four-

momentum transfer squared:
#
=2 .
Le*! M E, (5)

At any fixed value of the beam momentum there will be a certain angle g*
corresponding to t¥*., In practice, the value of 9* was determined from the
correlation between & and Ty in the measured data as the mean scattering
angle corresponding to Tﬁ. Knowing this angle, we have the scaling law which
provides an absolute determinationm of the whole TRfscale under the assumption that
the 8-scale is strictly linear:

Ty = E, (8/6%)2 (6)

Such calibration showed that the ionization produced by the He recoils in the

He-H wmixture is a linear function of their energy:

E
o
T, = (Vg=Vo) - L1-se], (7)
where ]
(0) . .

Eu = (Ed - Aabs)-ls the a-particle energy corrected for the energy
absorption in the matter of the a-source, E(O) = 4,777 MeV
(23%y-source);

Va = the mean amplitude of pulses produced by the a-particles from the
cathode source;

VR = the amplitude of the pulse produced by a “He recoil;

VU = VO:EO/ECL’ EO = 40 kev;

G(ZR) = a correction which takes into account both the loss of electrons

through adhesion and the limited transparency of the grid. As the
adhesion of the electrons could be measured and controlled, G(ZR)
is a known function of Z_. In the present case, the correction

R
was 6(ZR) = 0,1% « Z_ {cm).

R

N TR T T T L
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The absorption in the a-sources was determined experimentally by analysing the
angular dependence of the a-pulse amplitude. The absorption correction averaged
over all the chamber cells was found to be Aabs = 10 keV % 5 keV. The errors
in the absolute calibration of the t-scale by this method were estimated to be
~0.1% at |t| = 0.04 Gev? and 0.57 at |t| = 0.01 Gev? which corresponds to
the errors of 0.1 GeV™? in the slope parameter and +0.257 in the total cross-

section determination.

The differential cross-sections measured in this experiment are presented
in Table II and in Figures 7 and 8. The errors shown in Table II are statistical
only. The w-He «cross—sections have been corrected for the bremsstrahlung effect.

Figure 6 shows the distribution for the events left after the y2-cut. As

PPout
can be seen in the figure, the tail of the distribution is very small. The mag-
nitude and the t-dependence of the tail agree with the assumption that most of the
tail 1s due to bremsstrahlung of the scattered pions. Furthermore, a comparison
between the w-"He data and the p-%ile data strengthens this assumption. The
correction takes into account the bremsstrahlung events that are rejected by the
momentum cut. The formulae employed were derived from a gemeral expression given
in Reference (12)

corr

(do/dt) = (do/at)™®® [ 1 + s(r) ] (8)

corr meas

where (do/dt) and {(do/dt) are the corrected and the measured cross—

sections, respectively, and

2m? - t
s(t) =22 . 1n (p/ap) {( 3 ’ 1 et } ®
where
Q = (¢* - At‘-mjj)% 5
o = the fine structure constant;
w = the pion mass;
Ap = the maximum momentum loss accepted by the momentum cut,

In our case Ap/p = 0.05, and the bremsstrahlung correction & = 0.2% at

lt| = 0.008 Gev2 and & = 0.87 at |t| = 0.048 Gev2.
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DISCUSSION

The measured differential cross—sections were fitted with the Bethe inter-

ference formula
dofdt = N « [£ ™ + £ |2 (10)
c n

where fn is the nuclear scattering amplitude and fc is the Coulomb scattering

amplitude:

_ 2Z1-Z2e0°0-/T
c t

f Gh(t) . Gﬂe(t) (11)

Here o is the fine structure constant, Z; and Z, are the charges of the
projectile and of the target nucleus, respectively, (Z1+Z, = 22}, Gh(t) is

13)

the electromagnetic form factor of the projectile

It

Gp(t) (1 + |e]/0.71)72 ,

6 (t) = (L + lt] /0591 ,

GHe(t) is the “He form factor:

- 2,
GHe(t) = exp(rHe t/6)

where r = 1,644 fmlé)

He
the Bethe phasels):

is the r.m.s. charge radius of the “He-nucleons, ¢ is

~Z,Zp+a [1n(B]t]) + 0.577 ], (12)

=
1]

= (R2 + r2 2
B (RS roo+ rHe)/6

where RS is the effective strong interaction r.m.s. radius and r is the pion
r.m.s. charge radius. In fact, the value of B is close to the value of the

hadron-helium slope parameter, and in the present calculations we put B = 33 Gev™2,

The normalization parameter N was constrained to be unity 1% for the data
from the NAS experiment, and *2% for the data from the WAY experiment. The nuclear
scattering amplitude was taken in two different forms. In the phenomendlogical

fit it was
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o
tot . bt
£, - i o) o () (13)
where Crot is the total hadron-helium cross—section, b is the logarithmic slope

of the hadton—helium diffraction cone, and p is the ratio of the real to imaginary

part of the hadron-helium forward scattering amplitude.

The parameter p was chosen as follows. For the 7-"He scattering we used

_ pﬁ-p + pn+
e 2

. . . . o 6
where pﬁip was taken from the dispersion relation calculations by Hohler et al.l ).

For the p-”He scattering we have taken the data on ¢ from reference (17)

pd
assuming p = ppd.

The parameters Tror and b were free in the fits. The results of the fits
are presented in Table III. It was checked that the results are not sensitive to

the removal from the fit of the first 5 points or the 5 last points in do/dt.

Of course, the values of %ot obtained from the exponential fit should be

considered only as a first approximation. The extrapolation to the optical point
would be more precise i1f one replaces in equation (13) exp %; by

bot + ectl . .
exp ~ﬂ~—E—EE— , where ¢ 1is the curvature parameter. It was not possible to

determine ¢ from our data as the t-range is too small for such purposes. For
p-“He scattering, this pafameter was determined in the jet-target experiment6).
For example, ¢ = (-24#3) GeV™% at anrenergy of 300 GeV. With this value for
¢, we have obtained for p-“He scattering at 300 Gev: by = (33.8%.2) GeV™2;
Teor = (131.1+.8) mb; x2/N = 62/53. Comparison with the results from Table III
shows that the fit with the curvature parameter is slightly better than the ex-

ponential fit and that the new fit reduces %ot by 0.9 mb.

As we shall see now, the results on from the fit with the curvature

o
tot

parameter are not different from those obtained with the Glauber fit, In this
fit the nuclear scattering amplitude fn in equation (10) was represented by

the Glauber formula:

~

. J/na th)
f£(t) =1 » 5 (RZ + thN) exp (" T /° (14)

: 2 4 2b, )
b 4] (™1 . .m hN " (R + 2bin
'{m§1 K [m] LT e SR RE 4 25 exp I t
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Here R [ 3 (rHe rp)] /R
(tye = 1644 fm, x = 0.8 fm, R =6.87 Gev'1) .

The elementary hadron-nucleon amplitude was written in the form:

)

hN .
fip = frm = Try = 7mvm (1 F Ppy) e Oy €/2) 13
Uh * Uhn
where ¢ = ——R—-———-, the total cross—sections @ and o taken from
hN 2 hp hn

reference (18). The parameter PhN is identical to p which was described

before.

The parameters Km are introduced to take into account the contribution due
to the inelastic intermediate states. We put K; = Ky =K, =1 and let K, be
free. The elementary slope parameter th was the second free parameter in the
fits. The results of the fits are shown in Table IV. The total cross-sections

were calculated using the optical theorem:

Opor = 4 B JT Imf_ (0)

and the results are indicated in Table IV. The comparison of the Glauber fit
and the phencmenclogical fit with the curvature parameter (p-“He, 300 GeV)

shows that both fits give the same values of %ot and x2/N. Using this as an

argument in favour of the Glauber fit, we consider ot obtained from the Glau-

ber fit as our final results.,

cGl calculated with
tot
the Glauber model. In these calculations, the slope parameters th were taken

from reference (19) (see also Figures 11 and 12) and all the coefficients

K = 1.
m

In Table IV are also given the total cross—sections

Using the values of ¢ and GGl given in Table IV, we can calculate
el tot tot

Ag. = o - g which is usually considered as the inelastic shadowing cor-
in tot tot 6)

rection. The results are plotted in Figure 9. The data of Jemkins et al. for
p-“He scattering are also shown there., As can be seen from the figure, the re-
sults of these two experiments are quite different. The difference in the mea-
sured values of Aoin corresponds to ~10% difference in the absolute normaliza-
tion of the differential cross-sections. We remind that in the jet—target expe—
riment the normalization was only relative, and it is not excluded that the geo-

metrical dimensions of the helium and hydrogen jets could be different. Anyhow,
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our data show that the inelastic shadowing correction is only about 3 mb in

p~"He scattering and about 2.5 mb in 7 -"He scattering.

Both our experiment and the jet-target experiment indicate no strong s-
dependence of the inelastic shadowing correcticn. If we represent the s-dependence
of Au, b

in 7

Ag, = AOO + AUl 1o s
in

then we obtain from the fit to our experimental points:

At

Ay (p-He) (0.2+1) mb ,

toy (1—He) {(120.4) b

It

Similar fit to the data of Jenkins et al.6) gives:

Agy(p~He) = (0.6+0,4) mb ,

Figure 10 displays the exponential slope parameters determined from the
phencmenological fits. Also plotted are the p-“He data from the jet-target
experiment corresponding to |t| = 0.035 GeV?, There is a reasonable agreement
between the two experiments in the slope measurements. The p-"*He data exhibit

the shrinkage effect:

i

b (p-He) (0.7 #0.3 ) GeV™? from our data, and

b, {p-He) = (1.1340,18) Gev™? from the FNAL data.

On the other hand, the shrinkage effect in w~%He scattering was found to be

smaller:

by(v=He) = (0.3 $0.2 ) GeV™2 .,
In the Glauber theory the shrinkage of the hadron-helium diffraction cone reflects
the shrinkage of the elementary hadron-nucleon cone. However, some additional
shrinkage may appear dve to the s-dependent part of the inelastic shadowing cor-

rection. For small t-values this additional shrinkage can be représented by
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. Aoil(hHe)

Ab 1 (hHe )
4GhN

b

tx0 ® “hHe (16)

As we already pointed out Acj(hHe) was found to be small. With Ac;(p-He) =
= 0.6 mb one obtains from equation (16):

Sby(p-He) | o = 0.13 Gev™? ,

0
which cannot explain the differemce between bj(p-p) = 0.56 GeV™2 and

b; (p~He) = 1.13 GeV~? observed in the jet-target experiments. There is a similar
situation in p-d scattering. According to reference (3), the values of

Acin(hd) and Aci(hd) should be an order of magnitude smaller as compared to

the hadron-helium case. Using our helium data, we then obtain:

]

Acin(p-d) % Acin(ﬂ—d) = 0.3 mb

Aﬁl(p“d)

1
4]

Agy{n~d) = 0.1 mb .

The additional shrinkage due to the inelastic shadowing in deuterium is given

by

b . églihil (17)

Ab, (hd) tz0 * "hd 25

Using this equation we obtain:
Abq (p d)ltuO 0.05 GeV

which is negligible if compared with the difference between b;{(p-p} = 0.56 Gev™2

and by{p-d) = 0.96 Gev—2 reported in reference (6).

To explain the above described situation one can of course assume, that the
Glauber theory, in the present form, is not able to reproduce the elastic-scat-—
tering mechanism at high energies. In fact, this was the conclusion made by the
authors of referemce (6). However, there may be another explanation which, in
our opinion, canmnot be disregarded: the problem can be solved if one assumes
that in the momentum range 40 < Piap © 200 GeV/c the proton-proton shrinkage
parameter was underestimated in the previous experiments, and that the real value

of by(p-p) is close to b;(p=d). This assumption can only be verified by new
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19)

measurements of the proton-proton slopes. The recent data of Fajardo et al.
seem to support such an explanation. The p-p slope parameters obtained in this
experiment in the momentum range 100 < p < 200 GeV/c proved to be higher than
those measured in the jet-target experiments. In combination with the data
available at lower energies, this gives much bigger p—p shrinkage parameters.
The p-p slope parameters at 100, 150, 250, and 300 GeV/c have also been measured

in the NA8 experiment, but the analysis of the data is not jet finished,

Assuming that the Glauber theory with the inelastic shadowing correction is
an adequate way to describe the small-angle elastic scattering, we have determined
the proton—nuclecn and the pion-nucleon slopes from our p-*He and 7-"He data.
The resuits are shown in Figures 11 and 12. The comparison with the p~p and

19), and also with the = p slope from the

ﬁtp slopes obtained by Fajardo et al.
NA8 experiment is encouraging, Figures 11 and 12 also display the parameter X,
obtained from the Glauber fit to our experimental data., One can see, that in the
case of the p-~“He scattering it is enough to increase the double scattering
term in the Glauber formula by ~107 to describe well the experimental data. In
the case of the m-"He scattering, the relative importance of the inelastic

scattering correction is somewhat bigger (Kp 2 1.25).

In conclusion, we find that the Glauber theory with the inelastic shadowing
correction describes well the hadron-helium small angle elastic scattering., The
inelastic shadowing correction is relatively small and has no strong s—dependence.
The hadron-nucleon slope parameters obtained from the Glauber analysis of the
helium data are in good agreement with recent direct measurements of the hadron-

proton slope parameters.
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Table I
*
Polarity P P—-E:o—‘el P*
(GeV/e) (%) (GeV/e)

- 100 +0.30 £ 0.05 ] 100.30 + 0.05
+ 100 +0.20 + 0.05 | 100.20 * 0.05
- 150 +0.35 + 0.12 | 150.52 £ 0.18
+ 150 | +0.35 £ 0.05]150.52 = 0.08
- 200 - | +0.35 = 0.06 | 200.79 + 0.12
- 250 +0.15 = 0.05{ 250,38 £ 0.13
+ 250 +0.15 £ 0.07 | 250.38 + 0.18
- 280 +0.23 + 0.10 ] 280.64 + 0.28
- 300 -0.04 £ 0.06 | 299.88 * 0.18
+ 300 ~0.08 = 0.06 | 299.76 * 0.18

YRR 1D 18 S R R
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TABLE IT

I I I 1
1 T I CROSS SECTION I CcROSS SECTION I
1 GEV%¥2 I MB/(GEV%%2) I MB/(GEV*%2) I
1 1 I i
1 0078 1 I 678.0 & 11.6 1
1 0086 I I 658.8 £ 11.3 I
1 0093 1 1 660.5 £ 11.3 I
1 0101 1 I 641.2 & 11.1 1
1 0108 I  620:0 % 11.5 I  609.5 & 10.8 I
1 L0116 I  601.5 + 11.3 I 594.8 & 10.7 I
I 0123 1 550.9 % 10.8 I 565.6 % 10.4 1
s 0130 I 540.5 & 10.7 I 557.0 ¢ 10.3 1
1 0138 I 557.8 & 10.9 I 562.%1 % 10.2 1
I 0145 I 539.8 & 10.7 I 527.8 & 10.0 I
I 0153 I 512.8 +.10.5 1 530.2 + 10.0 I
1 0160 I 492.1 % 18.2 I 521.7 & 10.0 1
1 0168 I 500.6 + 10.3 1 6%1.7 + 9.7 I
I 0175 I  483.7 + 10.2 1 68%.5 % 9.6 1
I 0183 I 468.1 % 10.0 I 462.5 £+ 9.4 1
I 0190 I 454.1 % 9.8 I 466.9 % 9.4 1
I 0198 I 420.2 % 9.5 I 45%.6 % 9.3 1
I 02905 I 42B.7 ¢+ 9.6 I 423.2 + 9.0 I
I 0212 I 428.5 t 9.6 I 425.2 + 9.0 1
I 0220 I 398.2 %+ 9.2 1 418.2 & 8.9 3
I .0227 I 401.4 % 9.2 1 394.6 + 8.7 I
1 .0235 1 379.5 % 9.0 1  393.2 &+ 8.6 . I
I 0242 1 381.3 % 9.0 I  383.0 & 8.5 1
1 0250 I 363.8 % 8.8 I 361.9 % 8.3 1
1 0257 I 358.3 + 8.7 I 365.8% 8.3 1
I 0265 I 350.2 ¢+ 8.6 I 332.3 % 7.9 I
1 0272 I 338.2 + 8.5 I 346:5 + 8.1 I
1 5280 1 326.4 + 8.3 I  325.4 %+ 7.9 I
1 L0287 I 320.3 &+ B&.3 1 317:2+ 7.8 I
I 0294 1  301.1 £ 8.0 I 313.6 + 7.7 1
I 0302 I 298.5 ¢+ 8.0 1 312.6 + 7.7 I
1 0309 I 294.1 ¢ 7.9 I 297.1 % 7.5 I
1 0317 1 296.9 & 3.0 1 296.9 % 7.5 1
1 2324 1 267.3 % 7.5 I 297.2 % 7.5 1
1 0332 1 274.7 % 7.7 1 271.9 % 1.2 I
1 0339 I 270.1 t 7.6 1 266.8 % 7.1 I
1 0347 I 269.0 % 7.6 I 257.4 + 7.0 1
I 03154 I 261.3 & 7.5 I 256.3 ¢+ 7.0 1
1 0362 I 248.0 ¢+ 7.3 I 249.6 £ 6.9 I
1 0369 I 246.9 % 7.3 1 245.5+ 6.8 1
1 0376 I 264.9 & 7.2 1 237.6 + 6.7 1
I .06384 I  234.6 + 7.1 I 229.2 + 6.6 1
I 0391 I -224.0 ¢ 6.9 1 226.4 t 6.5 1
I 0399 I 229.0 ¢+ 7.0 I 218.3 % 6.4 1
I 0406 I 214.4 + 6.8 I 215.5 % 6.4 1
I 0414 I 212.0 & 6.7 I 207.6 £ 6.3 1
1 0421 I 205.8 &t 6.6 I 200.4 % 6.2 I
1 0429 I 207.6 + 6.7 I 268.1 % 6.3 1
I 0436 1 188.3 + 6.3 T 196.1 & 6.1 I
I 0444 I 192.4 % 6.4 I 183.6 £+ 5.9 1
1 0451 i1 180.6 £+ 6.2 I 181.3 + 5.9 1
I 0458 I 178.3 %+ 6.2 I 163.7 & 5.6 I
I .0466 I 184.7 + 6.3 I 172.4 + 5.7 I
1 L0473 1  162.7 & 5.9 1 179.2 £ 5.8 I
I 0631 I 187.5 % 6.0 . 1 161.0 £ 5.5 I
I I ‘ I I



-~ 20 -

TABLE 1T
(continued]
I I I I
I T I CR0OSS SECTION 1 CROSS SECTION I
I GEV*x%2 I MB/(GEUN¥2) I MB/(GEV*%2) I
I I 1 I
I 0078 1 686.1 + 10.3 I 580.8 + 9.6 I
I 0086 I 648.7 + 9.8 I 672.9 + 9.4 I
I 093 I 650.5 + 9.8 I 637.8 &+ 9.1 I
I 010l I 633.1 £ 9.7 b 643.5 + 9.1 I
I L0108 I 633.3 ¢ 9.7 I 618.6 + 8.9 I
I 01lé I 597.3 + 9.4 I 607.5 + 8.8 I
I 0123 I 579.9 + 9.2 I 573.8 £+ 8.6 I
I L0130 I 570.7 + 9.2 I 571.7 + 8.6 I
I 0138 1 543.6 + 8.9 1 543.2 + 8.3 I
I 0145 I 535.7 + 8.9 1 541.3 + 8.3 1
I 153 I 530.1°+ 8.8 I 530.3 ¢+ 8.2 I
I L0160 I  517.0 + 8.7 I 507.0 + 8.0 1
I 0168 I 492.3 -+ 8.5 I 489.5 &+ 7.9 I
I $175 T 489 .4 + 8.5 I 475.3 ¢+ 7.8 I
I 0183 I 473.4 &+ 8.4 I 467.4 £ 7.7 I
I 0198 1 459.7 + 8.2 I 458.8 + 7.7 I
I 0198 I 646.1 ¥ 8.1 I 453.2 ¢ 7.8 I
I 6205 I 437.0 £+ 8.0 I 442.7 + 7.5 I
E g212 1 425.2 ¢ 7.9 I 622.2 ¢+ 7.3 I
T 0220 I 421.3 + 7.9 I 424.0 £ 7.4 I
I 0227 I 405.9 + 7.7 I 396.5 ¢+ 7.1 I
I 0235 I 404.5 + 7.7 I 385.1 + 7.0 1
I 0242 I 3876 + 7.5 I 380.0 ¢ 7.0 1
I 025¢ I J66.9 + 7.3 I 374.7 £ 6.9 I
I 0257 I 372.3 + 7.4 I 357.3 + 6.8 I
I 0265 I 350.0 ¢t 7.2 I I50.6 + &.7 I
I 0272 1 351.8 % 7.2 I 3644.3 + 6.6 I
I 02830 I 333.0 0+ 7.0 I 321.7 + 6.4 I
I 0237 I 335.4 ¢ 7.0 I I38.0 + 6.6 I
I 2294 I 321.8 + 6.9 I 328.8 + 6.5 I
I 0302 I I13.6 £+ 6.8 I 2.2 + 6.2 I
I G309 I I05.0 + 6.7 I 308.9 + 6.3 I
I 0317 I 293.2 + 6.6 I 297.7 ¢ 6.2 I
I 0324 I 283.9 ¢ 6.% I 279.9 ¢+ 6.0 I
I P332 I 269.6 + 6.3 1 276.9 + 5.9 1
I 0339 I 276.1 + 6.4 I 273.2 ¢+ 5.9 I
I 0367 I 270.4 + 6.3 I 270.4 t 5.9 I
I 0354 I 263.3 + 8.2 I 261.2 £+ 5.8 I
I 0362 I 255.2 + 6.1 I 257.8 ¢+ 5.7 I
I 0369 I 260.4 £ 6.2 I 248.5 + 5.6 I
I D376 1 241.9 & 6.0 I 250.2 &t 5.6 I
I 03R4 I 228.8 t 5.8 I 236.3 + 5.5 1
I 0391 1 235.4 t+ 5.9 I 221.4 + 5.3 I
1 03%9 1 222.1 ¢ 5.7 I 26.2 £ 5.4 I
I 0406 I 217.4 + 5.4 I 2ir.6 + 5.2 I
I 0414 I 216.0 & 5.6 I 197.3 + 5.0 I
I 0421 I 2l5.4 £+ 5.6 I 204.1 ¢+ 5.1 I
I 0429 I 196.4 + 5.4 I 185.6 + 4.9 I
I 0436 I 196.1 5.4 I 193.7 ¢+ 5.0 I
I 0444 I 189.3 ¥ 5.3 I 185.6 ¢ 4.9 1
I 0451 I 175.8 ¢ 5.1 I 193.1 % 5.0 I
I 0458 I 174.% + 5.1 I 173.4 £ 4.7 I
I 0666 I 176.5 ¢ 5.1 I 176 .7 & 6.7 1
I 0473 1 170.2 2 5.0 1 165.1 + 4.6 I
I 0481 1 162.1 + 4.9 I 160.9 &£ 4.5 I
I 1 I I
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TABLE II
(continued)}

CROSS SECTION

MB/ (GEV®¥

277.6
277.3 ¢+ 11
273.

249.
243.
233.
22%.
230.
232.
224.

213.
201.
204.
185.
193.
191.
179,
196.1
163.9
177.3
159.8
166.5
167.3
153.4
157.3
151.3
141.2
138.3
123.2
139.3
138.5
1364.3
133.9
124.7
127.5

T 11401
109.6
" 109.6
113.3
116.2
109.1
100.4
i

4

7

3

6

7

9

7

3

1

~ o 09

98.
100.
103,

B4,

87.

85.

89.

79.

79.

96,
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TABLE I1
(continued)

I I I 1 I
I T I CROSS SECTION I  CROSS SECTION 1 CROSS SECTION I
I GEVx%2 I MB/(GEVXXD) I MB/(GEV*%2) 1 MB/ (GEV¥X2) I
1 I 1 ! I
I 0078 1 306.2 & 4.7 I -— 1 318.3 %+ 6.7
1 0086 I 2%2.9 % 4.5 I 288.3 %+ 7.7 I 307.8 1% 4.6
1 6093 I 288.9 t+ 4.5 1 289.0 + 7.4 I 294.0 + 4.5
I L0101 I 283.9 % 4.4 I 28¢.8 + 7.3 I 288.4 %+ 4.5
I 01908 I 286.0 + 4.4 I 302.0 % 7.4 I 287.5% 4.5
I 0116 I 256.3 %+ 6.2 I 288.2 3+ 7.1 1 2706.1 % 4.3
1 0123 I 263.3 & 4.2 I 261.7 + 6.8 I 255.0 &+ 4.3
1 01390 I 258.0 &£ 4.2 I 253.9 % 6.7 1 262.2 + 4.3
1 0138 I 243.7 % 4.1 I 25.2 t 6.7 I 251.7 & &.2
I 0145 1 2641.8 + 4.1 I 244.2 & 6.5 I 253.3 & 4.2
I 9153 I 237.5 + 4.0 I 248.9 + 6.6 I 233.7 ¢+ 4.0
1 0160 I 232.5 + 4.0 I 234.7 £ 6.4 I 234.9 &+ 4.0
1 0168 I 225.9 + 3.9 I 231.7 + 6.3 1 226.0 &+ 4.0
I 0175 I 219.4 + 3.9 I 216.9 & 6.1 1 233.0% 4.0
I 0183 I' 209.5 + 3.8 I 218.7 ¢+ 6.2 I 213.6 + 3.8
1 0190 I 208.1+ 3.8 I 198.7 + 5.9 I 213.5 + 3.8
I g198 I 199.5 + 3.7 I 208.0 + 6.0 I 209.8 + 3.8
I 0205 1 198.6 + 3.7 I 199.3 + 5.9 I 1972.8 ¢+ 3.7
I pz12 I 191.5 + 3.6 I 193.1 % 5.8 I 194.9 + 3.7
I 0220 I 199.1 + 3.6 I 196.5 %+ 5.8 I 190.6 + 3.6
I 9227 I  183.7 ¢+ 3.5 1 . 186.2 &+ 5.7 I 1%1.6 + 3.8
I 0235 I 185.1 + 3.5 I 179.7 + 5.6 1 179.3 & 3.5
1 0242 I 174.0 & 3.4 1 178.4 t 5.6 I 182.3 +# 3.5
1 0250 I 175.9 %+ 3.5 ! 175.5 % 5.5 I 178.% + 3.5
1 0257 I 169.2 + 3.4 I 170.7 %+ 5.4 I 161.7 + 3.3
3 0255 I 159.5 + 3.3 1 154.1 % 5.2 1 167.7 + 3.4
1 t272 I 153.9 + 3.2 1 157.8% 5.2 ! 157.8 + 3.3
I 2280 I 160.3 & 3.3 I 157.5 &+ 5.2 I 161.3 &+ 3.3
1 0287 I 153.2 &+ 3.2 I 149.5 & 5.1 I 155.4 & 3.%
1 0294 I 148.9 + 3.2 I 140.9 + 6.9 I 160.6 + 3.3
1 0302 I 148.7 + 3.2 I 141.3 £ 5.0 I 148.6 + 3.2
I 6309 I 138.3 + 3.1 I 150.8 £ 5.1 I 147.7 ¢+ 3.2
1 0317 1 135.9 4 3.0 I 128.3 + 4.7 I 1636 & 3.2
I 0324 I 134.0 ¢ 3.0 I 140.7 * 4.9 I 134.9 & 3.1
I 0332 I 132.8 + 3.0 I 128.4 &£ 4.7 I 137.7 + 3.1
¥ 0339 I 133.4 ¢+ 3.0 I 135.5 %+ 4.9 I 135.0 + 3.1
i 0347 I 128.8 + 3.0 1 124.7 + 4.7 I 129.9 + 3.0
I 0354 I 124.4 % 2.9 I 126.1 % 4.6 I 130.8 + 3.0
1 0362 1 121.5+ 2.9 I 112.3 + 4.4 I 11%.3 % 2.9
1 8369 I 119.4 + 2.9 I 122.9 + 4.¢ I 1'5.3 %+ 2.8
1 0376 I 116.0 %+ 2.8 I 113.5 + 4.4 I 111.51% 2.8
I 5334 I 111.6 + 2.8 I 120.0 & 4§ I 119.1 + 2.8
I 2391 I 109.7 + 2.7 I 117.3 % 4.5 I 1906.4 %+ 2.7
1 0399 I 105.6 &+ 2.7 I 105.0 ¢ 6.3 1 108.7 + 2.7
I 0406 I 105.1 + 2.7 I 99.¢ + 4.2 I  i62.5 % 2.7
1 0614 I 100.2 + 2.6 1 102.9 + 6.2 I 100.0 x 2.4
I 0421 I 97.9 + 2.6 I 103.1 + 4.2 I 98.6 + 2.6
1 0429 1 .5 + 2.6 i 6.4 + 4.1 I 101.3 % 2.6
1 0436 I 91.2 + 2.5 I 96.2 + 4.1 I 96.3 £ 2.6
I D444 I 91.6 + 2.5 1 96.1 & 4.1 1 92.8 + 2.5
I 9451 1 96.0 + 2.5 1 87.3 + 3.9 1 93.5 + 2.5
I 0658 1 91.3 + 2.5 1 87.9 + 3.9 1 94.2 + 2.8
1 D466 1 36.6 + 2.4 1 81.2 + 3.8 I 88.2 £+ 2.5
1 0473 I 84.5 + 2.4 I 85.2 + 3.9 I 36.7 + 2.5
I 0481 1 80.3 + 2.3 I B%.5 + 3.8 1 0.0 £ 2.4
1 I I 1

T T T e o e e e e e e e e e e  — —  — ———— e

PI-HE -250 GEV -230 GEV -300 GEV
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TABLE IT
(continued)
I
CROSS SECTION I CROSS SECTION
MB/ (GEV*%%2) 1 MB/{ GEY¥**2)
1
1 291.5 + 8.7
1 282.8 + 8.5
1 271.2 + 8.3
I 278.5 + B8.%
257.5 &t 5.6 I 258.0 + 8.1
264.5 + 5.7 I 252.8 + 8.0
239.8 + 5.5 1 248.5 + 7.9
239.7 + 5.5 I 253.4 & 8.0
247.2 + 5.5 I 245.9 ¢+ 7.8
231.5 &t 5.4 1 230.0 % 7.6
222.9 t .5.3 1 256.4 t 7.9
"222.8 % 5.3 I 231.4 & 7.6
213.7 + 5.1 I 221.2 + 7.4
209.6 + 5.1 1 223.8% 7.5
197.2 + 4.9 I 2010 & 7.1
195.5 £ 4.9 I 199.%4 ¢ 7.1
189.5 & 4.9 I 199.3 + 7.1
193.7 £ 4.9 I 176.8 & 6.6
187.9 £ 4.8 I 194.5 & 7.0
176.3 + 4.7 I 188.9 & 6.9
174.6 + 4.7 I 182.2 % 6.7
173.2 ¥ 4.6 I 178.0 + 6.7
165.6 + 4.5 I 163.1 & 6.4
177.6 £ 4.7 I 161.8 &+ 6.4
158.9 + 4.4 I i58.6 + 6.3
158.4 + &.6% I 151.6 + 6.4
149.7 £+ 6.3 1 154.3 + 4.2
149.8 t 4.3 I 147.9 & 6.1
147.8 ¢ 4.3 T 152.3 % 6.2
160.5 + 4.2 I 146.7 £ 6.1
139.6 + 4.2 I 135.4 + 5.8
131.7 &+ 4.0 I 129.3 & 5.7
130.5 £ 4.0 I 139.8 £+ 5.9
130:2 + 4.0 I 130.4 & 5.7
129.3 + 4.0 I 120.8+ 5.5
114.3 + 3.8 I 126.4 & 5.6
121.2 + 3.9 I 119.8 + 5.5
110.9 & 3.7 I 122.1 % 5.5
116.7 + 3.8 T ©1164.5 & 5.4
108.1 + 3.7 I 121.4 + 5.5
113.4 + 3.8 I 118.4 & 5.3
105.0 & 3.6 I 103.8 % 5.1
96.8 + 3.5 I 111.2 ¢ 5.3
106.4 + 3.6 I 104.1 # 5.1
104.1 ¢ 3.6 1 %6.6 + 4.9
103.9 &£ 3.6 I 91.5 + 4.8
98.6 + 3.5 I 97.9 & 5.0
97.9 + 3.5 I 196.7 % 5.0
2%.0 + 3.3 1 90.0 + 4.7
81.3 + 3.2 I 85.6 + 4.6
87.5 ¢+ 3.3 1 86.9 + 4.7
38.0 ¢+ 3.3 I 81.3 &+ 4.5
84.5 + 3.2 1 86.0 £ 4.6
78.6 + 3.1 I 85.5 + 4.8
81.9 + 3.2 1 77.5 £ 4.4
I
+100 GEV +150 GEV
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TABLE IT
{continued)

I
I
I
1

I
I
I
I

I
I
I
i

I
I
I
I

I
I
I
I

CRO53S SECTION CROSS SECTION

CROSS SECTION

MB/ {GEV¥%Z) MB/(GEV®X2)

MB/ {GEVX%2)

GEV*x2

T i " 1 e ke o o A o T L . T o = o o = oy . 2 T T ————— 2"

I

285.2 ¢t 8.6
264.0 +

I

.6
.3
.8
.2
.3
.0

9
9
9
9
9
9

276.3 ¢

I
I

I

I
I
1

1

I
K

.7

5
283.2 ¢+ 3.7

283.3 ¢

I
I
I
I
I
I
I

.0086
L0093
.0ko}
.0108
L0116
L0123
L0130
.0138
.0145

X
I
I

8.3 I

8

I
1
I

260.1 ¢

-3

266.7 ¢

288.6 %

5.4

253.2 ¢
263.1
258.2

3.3

264.5 ¢

256.4 ¢

.5
.4
.3
.3
.2

5
5
5
5.3

3.0
7

250.8 ¢+ 8.1

245.3 %
239.0C ¢

I
I

260.4 ¢

.8

250.3 + 2643.0 ¢ 237.9 &

1

I
I
I
1
I
I
I
I
I
1

240.0 £ 8.9
22%.9 ¢

5
5

250.1 ¢t

I
I
I
I
I
I
I
I
1

.9
.7
.6
.7
.5
.7

7
7
7
7
7
7

8.7

238.6 +

I

229.0

234.6 + 8.8

226.0 £

262.5 %
. 219.8

I.
I
I

8.7 224.3 %

I
I
I
I
I
1
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
1

o .

5.

L0153
L0160,
L0168
L0175
L0183
.0199
.0198
L0205
.0212

226.3 ¢

5.1 . 217.0 & 8.5

232.8 £

219.2 & 5.0
204.9 %
208.0

216.0 1

2.7

225.8 ¢

I
I
I
I
I

226.5 ¢

3.6

222.3 t

4.8

|
1

7.

192.6 %

208.0 ¢ 3.3

206.5 %

4.9
4.8
4.6
4.7
.7
4.7
4.6

t

7.

195.3 + 7.1

194.9 ¢

8.3
8.1

201.4 %

I

196.5 ¢
201.1

184.2 &

.9
.8

6
7

185.1

I
I
I
I
I
I
I
I
1
I
I
I
1
I
I
I
1
I
I
I
I
I
I
I
I
I
I
I
I
I

8.2

192.3 %

I
I
I
I
I
I

I
I
I

196.1 ¢+ 8.1 189.3

185.7 ¢

193.6

7.1
6.4
6.5

1%1.9

.9
.4
.9
7.7
7.5

7
7
7

189.9 ¢

.9220

167 .4 &

164.9 ¢

186.6

L8227

163.6 ¢

184.7 ¢

.5
.5

4
4
4.4

130.5 %

L0235
.0242
.a250

I

5.4
6

)
)

178.4 2 179.6 1 155.3 %

I
I
1
I
I
I
I
I
I
I
I
I
I
I
I
I

.5
.5
.2

161.5 ¢

168.9 ¢

171.5

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

160.0 2

7.1
.0
.2
.1
.0
.0
)
LG
7
-]
7
.2
.6
-8
.2
.3
.6

6.2

5.7

§.1

150.0 %

)
.3
)
.2

G
4
4
4

169.6 %

.8257
L0265

147 .8 ¢

7

147.6 ¢

16%4.6

6.4
6

155.5 %

7
7
7
7
6
6
6
6
6
]
)
6
6
6
6

156.0 &

166.0

L0272
L0280

L0287

.3

150.5 =

150.9

156.9 %

146.9 %

148.2 ¢
146.6

4.1
1
0
4.2

143.2 ¢

145.4 ¢+

4.

150.0 %

0294

5.

133.6 £

133.1 ¢«
121.9

4.

141.7 £

L0302
L0309

6.0

138.1 ¢

152.1 &

5.8

134.3 127.1

4.0 -

137.5

L0317

I

125.7 £+ 5.7
133.7 ¢

3.8 i28.8

124.6

L0324
L0332
L0339

5.9

134.9

9
.8
.8
-6
.7

5.
3
3
3
3

136.5 ¢

128.7 + 5.8

114.9 ¢

126.3 £

7

5
5

124.2
121.3

131.4

128.8 ¢

.0347
L0354
»0362

136.5

115.9 %

5.4
5.
5

I 118.2 2 115.9 ¢ 110.3 2

I
1

7

126.2

118.3 ¢
131.1

3.5
3.6
3.6
3.5
1.4

.5

.3
3.3

109.0 %

L0369
L0376

113.1

111.5 ¢

3

5.

108.7 %

114.0 ¢t

119.1 *

I
I
I
I
I

.0384
L0391

I
I
I
I
I

I,
I
I

5.3

igg8.0 %

58.0 ¢
111.2 ¢
104 .12

I
I
I
I

106.8 ¢

5.2

103.9

103.2 ¢

L0399
L0406

97.5 + 5.1

104.9 £ 5.2

.9
.8

5
5

+

3
3

106.7 &

99.7
102.6
104.6

97.1 ¢

95.7 t

L0414

1
0

5.

100.3 ¢

L)
9
.6
.7

5.

I
I
I
I

I
I
I
I

.0421
L0429

5.
92.0 + 4%.%

94.6 %
163.7 £ 5.2

I
I
I

5.
5
5

b4

.3
.3
.2

3
3
3

96.6 %
95.¢ ¢

89.3 ¢

I
I

91.4

0434
0644

57.8

-80 GEV =100 GEV

-50 GEV

FI-HE

T



TABLE II
(continued)
1 1 I 1
1 T 1  CROSS SECTION I CROSS SECTION 1
I GEVY*%2 I MB/{GEYX%2) 1 MB/{GEVX¥2) 1
1 I 1 I
1 9086 I 271.1 + 8.9 1 273.1 t 8.8 1
I 8093 I 287.6 + 9.2 1 286.6 & 8.8 1
1 0101 I 276.1 % 9.0 I  280.1 % 8.7 1
1 0108 1 270.5 % 8.9 1 260.3 % 8.6 1
1 0116 T 249.9 & 8.6 I 262.9 £ B.% 1
1 0123 I  256.1 + 8.7 I 263.7 &+ &.1 1
1 L0130 I  250.2 t 8.6 1 239.6 ¢ 8.1 I
I L0138 I 243.1t 3.5 I 245.0 &£ 8.1 I
1 L0145 1 223.2 + 8.1 1 238.6 + 8.0 1
I .0153 I 230.6 + 8.3 1 229.9% 7.9 I
1 0160 1 220.8 % &.1 I z08.0% 7.5 1
1 01638 I 233.4% 8.3 I i96.6 & 7.3 1
1 0175 1 202.1 % 7.7 1 205.7 % 7.3 1
1 L0183 I 201.6 t 7.7 I 198.7 ¢ 7.3 I
1 0150 1 204.5 &+ 7.8 I 195.2 & 7.3 1
1 0198 I 184.2 t 7.4 I 196.6 + 7.3 I
1 0265 I 175.9 ¢+ 7.2 I 179.6 & 7.0 1
1 0212 I 189.9 ¢+ 7.% I 186.9 & 7.1 1
I 0220 I 187.3 & 7.3 1 180.6 & 7.0 I
1 8227 I i%1.7 ¢ 7.3 1 183.%9 &£ 7.1 M
1 0235 1 185.6 % 7.4 I 171.8 % 5.8 i
1 0242 I 187.0 t 7.4 r163.6 % 6.7 4
I .0258 I 168.2 ¢+ 7.1 I 158.6 & 6.6 1
I L0257 I 17ri.2 & 7.1 1 165.2 2 4.7 I
1 8265 { 155.1 t 6.8 I i57.8 % 6.5 T
1 L0272 I 140.2 % 6.5 I 1643.9 % 6.6 I
1 8280 1 14%.7 & 6.7 I 154.7 t 6.5 i
1 0287 I 147.7 & 6.6 I 147.1 % 6.3 1
I 0294 I 148.3 & 6.6 I 151.5 % 6.4 1
1 0302 I 1346.9 & 6.3 1 136.0 2 6.1 I
1 L8309 1 151.3 & 6.7 I 136.3 % 6.1 I
I 317 I 122.6 % 6.0 1 127.1 % 5.9 I
1 0324 I 132.1 & 6.3 I 126.7 = 5.9 1
1 0332 I 133.7 &£ 6.3 I 122.7 %2 5.8 1
1 0339 I 120.8% 6.0 T 120,46 % 5.7 1
I 0347 I 125.7 % 6.1 I 129.4 &£ 6.6 1
1 0354 1 131.4 % 6.3 I 111.7 & 5.5 I
1 0362 1 104.3 % 5.6 I 124.8 ¢+ 5.8 1
1 0369 I 116.5 & 5.9 I 115.6 £ 5.6 1
1 L8376 1 110.1 & 5.7 I  112.0 % 5.5 I
1 0384 I 100.7 + 5.5 1 113.5 ¢ 5.5 1
1 0391 I 116.8 t 5.8 I 108.5 % 5.5 1
1 8399 1 109.4 & 5.7 1  107.90 % 5.4 I
1 0406 I 118.9 + 6.8 1 95.6 £ 5.1 1
I L8414 I 104.9 + 5.6 1 95.9 & 5.1 I
I L0621 I §7.5 + 5.4 1 93.9 & 5.1 1
I .0429 1 94.8 + 5.3 I 99.7 ¢+ 5.0 1
I 0436 1 81.7 £ 6.9 I 90.6 + 5.8 I
1 0464 1 88.64 ¢+ 5.1 1 92.8 + 5.0 1
I 1 I I

PI-HE -120 GEV -148 GEV

AP e g
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TABLE 11T
Results from the phenomenclogical fit
|

Reaction Energy b s Utot XZ/N Statistics
GeV (GeV) iy x 103
() 7 He| 50 | 31.2% .4 84.6 + .9 | 77/47 62
(xy 80 30.1 % .6 | 83.0 % 1.1| 65/47 24
(*y " 100 30,2 % .6 82.5 % 1,04 49/47 28
" 100 31.5 % .4 | B3.7 + .6 | 48/49 72
(*) " 120 31.1 .6 83.7 t 1.1} 77/47 26
(x) " 140 3.0 .6 | 82.9 % 1.0, 38/47 28
" 150 30.5 £ .7, 83.0 ¢ .9 | 41/52 20
" 200 31.2 £ .3 | 84.1 % .6 | 49/53 92
" 250 31.2 £ .2 | 84.7 + .5 | 40/53 143
" 280 32.0 £ .4, 85.8 % .6 | 69/52 55
" 300 31.5 % .2 | 85.6 £ .5 ! 76/53 144
m-%He 100 | 31.7 & .4 | 84.1 % .6 | 63/49 75
" 150 32.3 % .5 | 85.3 % .7 |47/53 38
p-"te 100 36.1 % .3 128.7 ¢ .9 ! 46/49 98
" 150 34.9 * .3 130.8 * .8 t47/53 111
" 250 34.7 £ .2 {131.6 * .8 |42/53 145
" 300 35.1+ .2 1132.0 =+ .8 |63/53 166

{(*) Results ifom the WA9 experiment




Results from the Glauber fit

_27_

TABLE TV

b,

Reaction (E}zsrgy wo K, O ot v2/N Uiit
(GeV) mb wb

(*) 7 -"He 50 10.9 + .5 | 1.09 ¢ .09 | 84.3 & .9 | 75/47 85.0
(*) " 80 9.6 + .8 | 1.18 + .09 | 82.8 + 1.1 | 65/47 84.9
(*) " 100 9.6 + .7 | 1.24 = .08 | 82,3 £ 1.0 50/47 85.1
M 100 10.9 + .5 | 1.18 + .05 | 83.4 = .6 48/49 85.1

(%) " 120 10.6 + .7 | 1.18 = .09 | 83.5 + L.1| 77/47 85.3
(*) " 140 10.2 £ .7 | 1.27 £ .09 | 82.8 £ 1.0| 39/49 85.6
" 150 9.7 + .8 | 1.27 = .06 | 82.7 £ .91 41/52 85.8

" 200 10.5 + .& | 1.25 % .04 | 84.0+ .6] 51/53 86.7

" 250 10.4 = .4 | 1.27 £ .04 | 84.6 £ .5 39/53 87.6

" 280 11.1 + .5 | 1.25 £ .05 { 85.5 + .6 70/52 88.0

" 300 10.6 + .3 | 1.26 + .04 | 85.5 + .5| 75/53 | 88.3

e 100 11.1 + .5 | 1.15 £ .05 | 83.7 + .6 | 64/49 85.1
" 150 11.8 + .6 | 1.12 + .06 | 84.9 + .71 47/53 85.8

o= He 100 11.6 + .4 | 1.12 + .03 |128.1 £ .9 | 49/49 | 131.3

" 150 12.7 + .4 | 1.09 = .03 |130.2 + .8 | 46/53 | 132.0

" 250 12.3 + .3 | 1.10 £ .02 i130.8 + .8 | 39/53 | 133.5

" 300 12.6 £ .3 | 1.12 + .02 |131.2 t .8 | 62/53 | 134.2

(%) Results from the WAZ experiment.
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Figure captions

Fig.

Fig.

Fig.

Fig.

Fig.

Fig,

1

6

-

Lay=-out of the experiment: B1-B8 are bending magnets; CED1, CED2
are differential Cerenkov counters; TH1, THZ are threshold Cerenkov
counters; BS1-BS4 are multiwire proportional chambers of the beam
spectrometer; PC1-PC6 are blocks of multiwire proportional chambers;
$1-82, Al-A3 are scintillator counters; and IKAR is the recoil de~
tector. In the beam lay-out all quadrupoles and correction dipoles
and all collimators except the momentum-defining slit have been

cmitted,

' The recoil detector IKAR, The upper picture shows schematically the

- construction of two cells of IKAR, and the diagram below shows the

pulses produced on the electrodes by a recoil particle in the gas;

d is the cathode-grid distance and W 1is the drift velocity of the
electrons in the gas.

Plot showing the correlation between the recoil energy TR and the
length XR of the recoil track projection on the beam axis for a
sample of elastic events that have passed a preliminary selection.
Plot showing the correlation between the recoil energy TR and the
difference A = (pOS)Z/ZMR—TR between recoil energy for elastic
events as measured by the forward'spectrometer and as measured by
the recoil detector, for a sample of events that have passed a pre-

liminary selection.

The upper part of the figure shows the y2-distribution of the pre-
liminary selected events (the solid line). The dashed line repre-
sents the test events normalized to the number of physical events

in the region ¥2 < 15. The relative amount of the test events beyond
x2 = 15 gives the number of good events rejected by the %2 cut
(1.47Z). The lower part of the figure shows the difference between
physical and test events used to find the background under the x2

peak (0.7%).

Flot showing the momentum distribution of elastically scattered pions

after the final selection of the elastic events.




Fig. 7

Fig. 8

Fig. 9

Fig. 10

Fig. 11

Fig. 12
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Differential cross—sectioms for p-"He elastic scattering. The

solid lines are the contribution to the cross—-sectioms due to nuclear

¢
scattering taken in the form do/dt = Tg%§§ (1 + p?) exp (bt).
2
. . do - _ ket
Also shown are the optical points: e (t =0) = TeR%n *

Same as Figure 7, but for 7m-He elastic scattering.

The inelastic shadowing corrections to the total p~“He and m-*He

. Gl
cross—sections Ao, =0 -0 .
in tot tot

Slope parameters from the phenomenclogical analysis of the p-"He

and w-"He differential cross—sections.

Results from the fit to the p—“He differential cross-sections with
che Glauber formula, X, is the factor increasing the double scat-

tering term in the Glauber formula. pr is the elementary proton-

nucleon slope parameter. For comparison, the results of & recaat

direct measurement of the pp slope parameler are iudicated.

Results from the fit to the a-e differential cross-sections with
the Glauber formula. ¥X; 1is the factor increasing the doublie scat—
tering term in the Glauber fermula. b“N is rhe elementary piome
nucleon slope parameter. For comparison, the results of two wecent

direct measurements of the wp slope parameter are indicated.
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