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Abstract: Doubly differential cross sections for producing n+ and
were measured for several target-projectile combinations. They were
uOAr + C, Ca, and U at 1050 A MeV and 20Ne + Be and‘NaF at 655 A MeV.
The 1r-/1r+ ratios are smaller than those expected from several Coulomb

effect calculations. The Ne + NaF - 7 data exhibit a peak at 90° in

- the center of mass and p = O.an c.
: ™

PACS numbers: 25.70.-2
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I. Introduction

Pion production at low momentum in the center of massv(pW < mnc)
in relativistic heavy ion collisioﬁs has been extensi?ely studied
recently. Enhancements of the pion yield at the rapidity of centef
of masé (i.e., mid-rapidity) have beeﬁ observed1—3, where rapidity y
= (1/2) 1n[(E + p“)((E - p“)]. This enhancemeﬁt is evident when the
heavy-ion data are compared to the 730 MeV p + p = w+ yields,u which
show a minimum in the angular distribution at 90° in ‘the center-of-
mass for low p“. When the contours of invariant differential cross
section are plotted, these enhancements abpear as plateaus. For the

reaction 800A MeV Ne + NaF = n+, Chiba et al.2 observed a peak at

the center-of-mass rapidity at p; Z 0.5 m ¢. The height of the peak
1 T

was about 1.4 times the smoothly varying component of the cross-
section (which will be referred to as the "background"). ‘The peak

‘was also observed by Chibu et al.2 when heavier targets were used.

In a similar experiment with 1.05A GeV qur + Ca = ﬂ+,‘WOlf et al.1

observed a peak at pl Z 0.4 m“c which had a height ~1.3 times the
"background." The peak is enhanced by selecting pions from events of
high total multiplicity.1 In an experiment at lower energy, 400 A MeV

2 + .
ONe + NaF (and heavier targets) = « , Nakai et al.5 did not observe

a mid-rapidity enhancement.

+
Numerous explanations for these low energy peaks or ridges

have been suggested:

1) Collective flow effects, such as hydrodynamic "splashing" or

"jetting" in the perpendicular direction, might enhance pion spectra
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at the collective velocity1.

2) Shadowing(absorption) effects from spectator material, which
should be strongest for pions moving near the A (3,3) resonance in
the spectator frame, could selectively absorb pions and create val-

leys around the low energy "bump."s’6

3) In certain spin-isospin states two deltas are presumed to
strongly bind. The pionic decay of such "di-deltas" would give a low

energy pion component.5

4) Monte-Carlo cascade calculations by Yariv and Fr'aenkel7 show
a mid-rapidity bump, though at somewhat higher ?l than experimentally
observed. They offer no detailed explanations of its origin.

5) Several authors have studied the possibility that the low

energy n+ bumps could be primarily due to simple Coulomb effects.8-1o

. ' 1y
Coulomb effects on pion spectra have been clearly establlshed,8 1
but we Dbelieve that the n  evidence we present here rules out the

simple Coulomb explanation for low energy pion bumps in the mid-

rapidity region.

6) Pion orbiting, probably enhanced by boson properties of
pions, constitutes one of the most interesting explanations, partic-
ularly since it relates the observed pion momentum of 0.4-0.5 mnc to
a nuclear size of approximately 3fm by the uncertainty relation R~h/p
(i.e., Fourier transform). For discussions of the boson condensation
aspects see references 15 and 16. For hadronic pionic binding

aspects see references 17-19.
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We have extended the pidn measurements by obtaining inclusive
spectra for both v- and n+ production. Some of these results have
been reported previously3 and are included here for COmpletenéss. By
measgring both w- and w+ spectra we are better able tovdistinguish
the role of Coulbmb effecfs in the 6bserved pion spectra. We note
that if one hopes to obtain detailed information on the structure of
the mid-rapidity cross section it 1s necessary to ~have excellent
momentum and angular resolution typically (Ap/p < 5%, A0 < 4°), and
small statistical uncertainties (less than 5%). 1In contrast to the
peaks obéerved at beam velocity,12 where the enhancement has been
observed to be a factor as large as 10 (e.g. -281A MeV 20Ne + NaF

- n—), the observed enhancement at mid-rapidity is only about

30-40%, so careful work is necessary to observe it.

II. Description of Experimenﬁ

The reactions of 1.05A GeV qur with C, Ca, and U targets and of

6554 MeV 20Ne with Be and NaF targets were studied. Data for both
positive and negative pions were collected for each projectile—target‘
combination. The data were takeniwitﬁ a magnetic spectrometer at the
Lawrence Berkeley Laboratory BEVALAC. Because the apparatus has beén

13

described elsewhere -, only a brief description is given here. Par-

‘ticles emerging from the target were bent ~180° in the magnet and

passed through two multi-wire proportional counters (MWPC's), which

were used to define their trajectories. The particles were then

‘stopped in an eleven-element scintillator range stack. From their
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radii of curvature in the magnetic field, the momenta of the parti-
cles were determined. Using the momentum, the energy ldsses in the
first two scintillatdrs (AE's), and the range of the particles, pions
could be very cleérly distinguished from other particles. Data for
the uOAr experiment were taken with the spectrometer rotated 15° from
the 0° position shown in Fig. 1. This centers the acceptance at a
laboratory angle of 15° (the "central angle™ in Table 1). The 6554
MeV Ne data were taken with the spectrometer in the 0° position
except for some of the 2ONe + NaF - m data. In this case data were
taken at 0° and at 30°. The beams, targets, and spectrometer angles

used to obtain the results reported here are summarized in Table 1.

II1I. Results

The doubly differential invariant cross sections are plotted in

various forms in Figures 2-11. Figures 2-4 are plots of invariant

3 3) vs, momentum for the C, Ca, and U targets.

Data at 15° for 1.05 A GeV uOAr + C, Ca, U are shown in Fig. 5. Fig-

cross section (Ed-g¢/dp
ures 6 and 7 present the data for the Ne + NaF and Ne + Be experi-
ments. Isometric plots of Ne + NaF > 7 and n+ are shown in Figs.

8 and 9. Figure 10 shows cuts at 0° and at y = (90° CM) for the

Yeum
Ar + Ca = 1 and r data. Figure 11 shows cuts at 0° and 90° for
the Ne + NaF = = and 7 data. In Figure 11 the solid line is
inferred from w+ data of Nagamiya et al.;20 we have interpolated in

beam energy between results at 400 A MeV and 800 A MeV results and

have extrapolated from Nagamiya's higher momentum data, the lowest
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point of which would be on the right-hand border of our Figure 11b.
The data for the reactions are listed in Tables II— XI in LBL Report
No. 16000, available on request from the Report Librarian, Nuclear

Science Division, Lawrence Berkeley Laboratory, Berkeley, CA 94720.

IV. Discussion

The Ar + Ca > n+ data-are quite flat 1in the region that we
measured. Although there is some disagreement between our data and
some data points of Wolf et al.1 'reflected. through the center-of-
mass, we believe that the differences are explainable by a combina-
tion of statistics and resolution of both éxperiments (see plots and
discussion in éur Ref. 3). We ha?e excellent agreement where the
data are directly comparable; there are differences only when compar-
ing data reflected about the center-of-mass, a comparison which is
onlj approximately correct, as our systems are not truly symmetric.
| The beam velocity - T enhadcements and n+ depressions are clearly
observablé in the 655 A MeV 20Ne + NaF énd Be data (see Figs. 6 and

7).

Surprisingly, we find a broad maximum around yCM = 0, pl =
0.4 m“c in the Ne + NaF = n- data (Fig. 11)7 The invariant cross
section at the peak is 3 b/'s,r'“1 Gev.2 ¢, while at yCM-= 0, pl = 0 it
is 2.4, so the peak is only about 25% above "background." Unfor-
tunately there was no ti@e available to take data for laboratory

angles greater than 20° for the w+, SO we were unable to determine

if there is also a peak for w+ in the same place for this system, but
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+
similar peaks have already been observed in w spectra. ’

. ' +
Since low energy pion bumps have been observed in ® by Chiba

et al.2 and Wolf et al.,1 and are now observed for the first time in

m data, we believe that the peaks cannot be due solely to Coulomb
effects. This is further apparent when we examine the T / n+
ratios. The ratios at the nucleon-nucleon éenter—of-mass are summar-
ized 1in Table I. For the 1.05 A GeV Ar + Ca case the ratio is 1.5 %
0.2. Theoretical predictions by Cugnon and Koonin9 give a prediction
of 5.5, and the formulas of Gyulassy and Kauffmann10 predict a ratio
of .2.7, which are much higher than shown by the data. These predic-
tions are based on the assumption that the pions travel on trajec-
tories which are under the influence only of Coulomb forces when
passing‘near and through the projectile and target spectators and the
expanding fireball. Ratios for the heavier targets 'are also below
the theoretiéal'expectations.

The large discrepancy between the theoretical and experimental
n./n+ ratios led Radi et a1.21 to conduct a Monte Carlo study of pion
trajectories. 1In their model the pions are emitted only from the
intersection of nucleér sdrfaces. Pions traveling through the spec-
tators are absorbed and removed from the calculation. The model
gives a good prediction of the T/ n+ ratios; theory predicts
ratios of 1.68 and 1.75 for Ne + NaF and Ar + C(Ca, respectively,
while we obtain 1.76 + 0.1 and 1.5 + 0.2 from the data at zero energy

in the center of mass, These ratios are similar to the transparency

model of Libbrecht and Koonin, in which the nuclei pass through each
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other without forming a fireball. However a cdmplete« transparency

model would not be consistent with observed proton spectra.zo

Harris et al.22 report n—/n+ ratios near unity and 'fairly flat

spectra for uoCa + uoCa at 1.05 A Gev.

IV, Conclusion

Data have been pfesented for production of low.energy (CM) pions
for 655 and 1050A MeV heavy ion beams. The uOAr' + Ca = w+ data are
in reasonable overall agreement with those of Wolf et al.j although
there are some disagreements with reflected data. Further ekperimen-
tation would be desirable to resolve these differences. A m;d-
bapidity w— péak is observed in the Ne + NaF experiment. This result
: shows that more than simple Coulomb effects aée needed to explain the
mid-rapidity pion bumps.

Further experimenté are in progress thét may help decide which

24

explanations are correct. In these experiments pion spectra from

central and varying degrees of peripheral collisions are measured.
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Figure Captions

Fig. 1. Schematic diagram of the spectrometer in the 0° position.

Fig. 2a. Lorentz invariant cross section vs. lab momentum for Ar + C
- n_ at 1026 A MeV. Each set of data is at a fixed laboratory
angle, which is shown on the right side of the figure. A cross sec-
tion offset has been added to the data at each angle, which is also
given on the right side of the figure. The straight lines are drawn
only to guide the eye. The velocity of the incident beam corresponds

to 254 Mev/c pions.

Fig. 2b. Lorentz invariant cross section vs. lab momentum for Ar + c

> 1« at 1026 A MeV. See also the caption for Fig. 2a.

Fig. 3a. Lorentz invariant cross section vs. lab momentum for Ar + Ca

> 1 at 1020 A MeV See also the caption for Fig.2a.

Fig. 3b. Lorentz invariant cross section vs. lab momentum for Ar + Ca

- w+ at 1020 A MeV. See also the caption for Fig. 2a.

Fig. 4a. Lorentz invariant cross section vs. lab momentum for Ar + U

- w7 at 1026 A MeV. See also the caption for Fig. 2a.

Fig. 4b. Lorentz invariant cross section vs. lab momentum for Ar + U

> 1 at 1026 A MeV. See also the caption for Fig. 2a.

Fig. 5. Lorentz invariant cross section vs. lab kinetic energy for

Ar + U, Ca, and C = 7~ at a lab angle of 15°.
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Fig. 6afb. Lorentz invariant cross section vs. lab momentum for Ne ¥
NaF = 7 at _655'A MeV. Each set of data points is at a fixed lab
angle, which is shown oh the right side of the figure. A cross sec-
tion offset has been added to the data at each angle in order to
"~ display it all on the same graph. This offset ié given 6n the right
side of the figure. The solid line is from é least squares fit of a
function based on the Coulomb correction equations of Gyuiéssy and
Kauffmann.10 The solid line has the experimental resolution folded
into it. The arrows mark the velocity of the incident beam. Details

of the fitting procedure are given in ref. 14.

Fig. 6c. Lorentz invariant cross section vs. lab momentum for Ne +

NaF > 1 at 655 A MeV. .See also the caption for Figure 6ab.

- Fig. Ta. Lorentz invariant cross section vs. lab momentum for Ne +

Be - m at 654 A MeV. See also the caption for Figure 6ab.

Fig. 7b. Lorentz invariant cross section vs. lab momentum for Ne +

Be > 7 at 654 A MeV. See also the caption for Fig. 6ab.

Fig. 8. The top part of the figure shows a perspective representa-
tion of the surface defined by the Lorentz invariant cross section

3 3, units of ub/sr MeVZ) as a function of rapidity

(Ed~”g/dp
(y = tanh"1(p“/x-:)) and pl for Ne + NaF - w at 655 A MeV. The bot-
tom part of the figure is a contour plot of the same surface with the
same scales for the y and pl axes. The data were assumed to be sym-
metric about the center of mass rapidity, and all points have been

reflected about the center of mass. Only the part of the data on the
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projectile side of the center of mass has been shown.

Fig. 9. The top part of the figure shows a 'perspective representa-
tion of the surface defined by the Lorentz invariant cross section

(Ed3o/dp3, units of ub/sr MeV2) as a function of rapidity

(y = tanhf‘(p“/g) ) and Pl for Ne+NaF = w+ at E/A = 655 MeV. The
bottom part of the figure is a contour plot of the same surface wifh
the same scales for the y and pl axes. The data were assumed to be
symmetric about the center of mass rapidity and all points have been
reflected about the center of mass. Only the part of the data on the

projectile side of the center of mass has been shown.

Fig. 10. Lorentz invariant cross section vs. center-of-mass rapidity
for 1020 A MeV Ar + Ca = =% at 0°, and Lorentz invariant cross sec-
tion vs. the perpendicular component of lab momentum (pl ) for 1020 A

MeV Ar + Ca = nt at the center-of-mass rapidity, y = 0.69.

Fig. 11. Pion invariant'production cross sections for Ne + NaF -at
E/A = 655 A MeV at 0° and 90° (CM). Data for =« are shown as open
circles and = as solid dots. To insure adequate statistics we took
the cross section as an average not over a fixed angle (CM) but

rather over a fixed interval +0.05 in rapidity YCM'
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34

TABLE I.

. - *

Beam Energy Target Thickness Central Angle b /1r+

Particle A Mev gm/cm Magnet (degree) p=0in c.m.

40 1026 c 1.1 15 1.7

Ar 1020 Ca 1.9 15 _ 1.5

1026 §) 1.9 15 3.5

*%

20Ne 654 Be 1.1 OT -

655 NaF 0.4 0,30 1.7

*
The standard deviation_based on counting statistics are approxi-

mately 5% for the 1« /%" ratios. The true uncertainity is greater
tgan this which we estimate it to be approximately 15%.

*
Data were not taken at this -angle for p = 0 in c.m.
TData were taken at this angle for =« .



Ne+Be = 1 + X Ed3g/dp>
TABLE II 3 2)
E/A = 654 MeV ub ¢’/ (sr MeV
P e lab. degrees’
m T .
MeV/c 0 y 8 12 16 20
146 - 1.10 .95 .73 .97 -
.13 +.12 +.10 +.13
151 - 1.33 1.15 1.03 .96 .93
+.14 +.13 +.12 +.13 +.13
156 1.31 1.49 1.08 .88 1.00 .89
+.15 +.15 +.12 +.11 +.12 +.12
161 1.44 1.80 1.76 1.03 1.08 .90
+£.14 +.17 +.16 +.12 +.13 +.12
166 1.50 1.64 1.49 .94 1.09 1.19
+.14 +.11 +.15 +.12 +.13 “+.13
170 1.73 1.60 1.48 1.34 1.25 1.18
+.15 +.10 +.14 +.14 +.14 +.13
175 1.86 1.61 1.4 1.24 1.07 1.32
+.15 +.10 +.14 +.14 +.13 +.18
180 2.23 1.68 1.30 1.19 1.02 -
+.17 +.10 +.09 . +.13 +.12
185 2.05 1.57 1.19 .92 - -
+.16 +.10 +.08 +. 11
190 1.66 1.46 - 1.14 .97 - -
+.15 +.09 +.08 +.12
195 1.77 1.24 1.02 1.19 - -
+.14 +.08 +.07 +.11
200 1.51 1.12 .88 .79 - -
+.13 +.08 +.07 +.08
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3 3

_Ne+NaF = 7 + X Ed”g/dp
TABLE 1IIa 3 2)
E/A = 655 MeV ~ub ¢”/(sr Mev
pﬁ' e1r labf degrees
MeV/c 0 4 8 12 16 20
T4 2.10 2.55 2.36 2.56 2.23 1.75
‘+.25 +.26 +.25 +.21 +.20 +.19
78 2.28 2.37 2.17 2.62 2.50 2.36
+£.24  +£.17 +.23 +.21 +.22 +.20
82 2.38 2.36 2.40 2.43 2.60 3.08
+.24 +.16 +.16 +.20 +.20 +.40
87 2.57 2.30 2.17 2.80 2.44 2.43
+.23 +.15 +.14 +.18 +. 41" +.38
91 2.61 2.50 2.06 2.86 - 3.33
+.22 +.15 +.14 +.20 +.43
96 2.29 2.42 2.45 2.42 2.50 2.72
+.20 +.13 +.14 +.13 +.12 +.20
100 2.66 2.1 2.45 2.47 2.42 2.72
+.18 +.17 +.13 +£.13 +.17 +.18
106 2.81 3.20 2.U45 2.54 2.13 2.46
+.30 +.21 +.20 +.19 +.18 +.19
110 2.77 2.52 3.06 2.1 2.58 2.44
+.28 +.19 +.23 +.19 +.20 +.19
115 2.74 2.83 2.77 2.84 2.68 3.13
_ +.28 +.19 +.19 +.22 +.20 +.32
123 2.49 2.50 2.72 2.41 1.88 2.37
+.20 +.12 +.13 +.13 +.24 +.16
128 2.35 2.55 2.30 2.33 2.05 2.13
+.18 +.11 +.11 +.12 +.23 +.21
132 2.35 2.34 2.27 2.39 2.33 2.23
+.15 +.11 +.11 +.11 +.10 +.21
136 2.16 2.38 2.36 2.69 2.37 2.25
+.17 +.14 +.12 +.12 +.21 +.21
140 2.52 2.40 2.46 2.13  1.99 1.89
+.28 +.20 £.21  +£.20 +.21 +.20




Ne+NaF = 7 + X Ed3¢/dp>
TABLE IIIb 3 2)
E/A = 655 MeV ub ¢”/(sr Mev
p : 8 lab. degrees
ki ’ _Tl' .
MeV/c 0 Y 8 12 16 20
14y 2.40 2.35 2.08 2.25 2.21 2.10
+.26 +.17 +.22 +.20 +.20 +.19
149 2.49 2.13 2.56 2.07 2.23 2.4
+.30 +.19 +.27 +.21 +.20 +.23
153 | 2.03 2.03 2.25 1.86 2.25 2.00
+.22 +.13 +.13 +.13 +.14 +.16
157 2.42  1.93  2.34 2.26 2.24 2.00
+.26 +.12 +.12 +.13 +.15 +.14
161 2.51 2.30 2.14 2.02 2.15 " 1.95
+.14 +.13 +.11 +.10 +.14 +.13
165 2.71 2.39 2.45 2.09 2.21 1.98
+.13 +.11 +.11 +.10 +.12 +.10
170 2.87 2.62 2.35 2.22 2.23 1.97
+.14 +.10 +.10 +.10 +.12 +.10
174 3.27 2.59 2.25 2.21 2.06 2.17
+.15 +.09 +. 1 +.10 +.10 +.11
178 2,90 2.63 1.32 1.4 - -
+.28 +.22 +.20 +.16 v
182 | 3.1 2.64 2.17 - 2.02 2.05 1.56
+.17 +.12 +.09 +.12 +.16 +.40
187 4,30 2.73 2.02 2.06 2.03 1.76
t.22  +.11 $.08 .14 .15 +.36
191 4.0u 2.71 2.23 2.08 - 2.35
+.23 +.13 +.11 +.18 +.33
196 2.67 2.25 1.77 2.06 - 1.50
+.18 +.11 +.10 +.16 +.29
201 2.76 1.88 1.67 1.58 - -
+.18 +.10 +.09 +.11




Ne+NaF = 7= + X Ed3¢/dp>
TABLE IIlc 3 2)
E/A = 655 MeV ub ¢’/ (sr Mev
p 6 lab. degrees
ik L )
MeV/c 24 28 32 36 40 ny
T4 2.84 2.67 - - - -
+.44 +.27
78 2.05 2.62 2.21 - - -
- +£.43 +.36 +.36
. 82 3.18 2.65 3.30 3.00 - -
+£.38  +.35 +.34 .35
87 2.34 2.26 2.91 3.05 - -
+.38 +.35 +.34 +.33
91 2.35 1.98 3.14 2.93 2.90 -
+.38 +.35 +.32 +.31 +.30
96 2.73 3.20 2.75 2.91 2.77
+.22 +.34 +.30 +.29 +.26
100 2.89 3.22 2.99 2.59 3.38 -
+.26 +.27 +.40 +.35 +.32
106 3.65 2.81 3.62 - - -
+.33 +.32 .32
110 3.56 3.61 3.30 2.91 - —
+.32 +.34 +.29 +.29
1185 3.00 3.26 2.96 3.18 - -
+.31 +.30 | +.29 +.29
123 2.74 2.69 2.74 2.84 2.83 -
+.19 +.20 +.21 +.19 +.19
128 2.76 2.69 2.57 2.64 2.66 2.22
+.19 +.18 . +.19 +.17 +.16 +.14
132 2.19 2.80 2.62 2.43 2.68 2.29
+.35 +.17 +.17 +.15 +.15 +.12
136 2.04 1.85 2.54 2.18 2.63 -
+.34 +.31 +.18 +.16 +.15
140 2.79 2.08 2.38 - - -
+.39 +.33 .32




Ne+NaF = 1 + X EdS¢/dp>
TABLE IIId 3 2)
E/A = 655 MeV ub c¢”/(sr MeV
p 6 - lab. degrees
1 i .
MeV/c 24 28 32 36 40 by
144 2.25 2.67 - 1.69 - - -
+.36 +.39 +.28
149 2.47 2.07 2.28 . 1.84 — —
+.38 +.34 +.32 +.28
153 1.84 2.10 1.94 2.49 - -
+.28 +.29 +.27 +.30
157 2.07 2.24 - 1.89 1.79 2.21 -
+.14 +.26 +.31 +.27 +.29
161 2.03  1.63 2.13 1.68 1.82 —
+.12 +.21 +.28 +.24 +.23
165 | 2.25 2.07 2.20 1.81 2.16 -
+.13 +.22 +.21 +.26 +.25
170 1.7 2.19 1.78 1.59 1.71 1.50
+.17 +.19 +.16 +.24 +.23 +.20
174 1.94 2.15 2.07 1.82 1.62 1.42
+.18 +.18 +.16 +.22 +.19 +.18
178 - 2.16 1.79 1.58 1.59 1.68
) +.26 +.23 +.20 +.19 +.17
182 1.71  1.53  1.59 1.57 1.34 1.85
+.41 +.37 +.18 +.17 +.17 +.18
187 1.70 1.78 1.36 1.02 1.52 -
+.32 +.30 +.26 +.16 +.22
191 1.68 1.19 1.45 1.40 1.80 -
+.29 +.22 +.24 +.22 +.24
196 1.53  1.25 1.18 1.41 1.23 -
£.25 .27 .22 .21 +.18
201 1.66 1.33 1.00 1.43 1.04 1.20
+.28 +.25 +.24 +.23 +.17 +.26
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+ 3 3
Ne+Be > 7 + X Ed”g/dp
TABLE 1V 3 ' 2)
E/A = 654 MeV ub ¢”/(sr Mev
p " ® lab. degrees
L L . : ‘
MeV/c 24 28 32 36 4o jy
146 - .33 .40 .43 40 -
+.04 +.05 +.05 +.05
151 - .36 .43 .45 .64 .55
+.05 £.05  +£.05 +.06 +.06
156 U2 .37 .35 .u8 .59 .55
+.05 +.04 +.04 +.05 +.06 +.06
161 .33 .38 43 U3 .50 .59
+.04 +.05 +.05 +.05 +.05 +.06
166 .35 .39 .45 .54 .64 .61
+.04 +.03 +.05 +.06 +.06 +.06
171 .29 .33 .35 L4y .81 .73
+.04 +.03 +.04 +.05 +.07 +.06
176 .27 .31 .36 .55 .67 .69
+.04 +.03 +.04 +.05 +.06 +.08
181 .25 .23 .36 45 .58 -
+.04 +.02 +.03 +.05 +.06
186 .28 .24 .40 41 ~ -
+.04 +.02 +.03 +.05
191 21 .29 4 47 - —
. +.03 +.03 +.03 +.05 .
196 .25 .35 .39 .70 - -
+.03 +.03 +.03 +.05
201 <31 27 Lun .68 - -
+.04 +.02 +.03 +.05 .




‘ + 3 3
Ne+NaF > 7 + X Ed”¢/dp
TABLE Va o 3 2)
E/A = 655 MevV ub ¢”/(sr Mev
P 8 lab. degrees
i ™ .
MeV/c 24 28 32 36 4o yy
T4 . 1.34 1.23 1.25 1.44 1.19 1.36
+.20 +.18 +.17 +.17 +.16 +.16 -
78 1.18  1.21 1.33  1.39 1.21 IR
' - £.19 +£.12°  +.16 +.17 +.16 +.16
83 1.50 1.45 1.46 1.29 1.70 1.41
+.17 +.12 +.12 +.15 +.17 +.23
87 1.32 1.45 1.34 1.74 1.90 -
+.15 +.11 +.10 +.12 +.25
92 1.28 1.49 1.32 1.56 1.34 -
+.14 +.10 +.10 +.13 +.21
96 1.42 1.38 1.29 1.31 “1.34 -
+.13 +.09 +.10 +.10 .1
100 1.1 1.43 '1.45 1.64 1.22 1.73
+.17 +.12 +.10 +.11 +.16 +.17
106 1.33 1.72 1.29 1.54 1.70 1.24
.21 +.15 +.19 +.18 +.19 T 17
110 1.27 1.39 1.31 1.34 1.79 1.64
+.19 +.13 +.16  +.18 +.20 .19
115 1.73 1.49 1.24 1.15 1.71 -
+.20 +.14 +.13 . +.18 +.20
120 1.20 1.38 1.57 1.32 - -
+.20 .14 .12 +.13
124 1.27 1.05_ 1.35 1.33 — -
+.16 +.11 +. 11 +.16
129 1.43  1.31 1.16  1.11 1.32 -
+.17 +.11 +.11 +.13 +.13
134 1.17 1.01 1.61 1.28 1.62 -
+.15 +.12 +.15 +.13 +.12
138 - 1.00 1.30 1.62 - -
' +.20 +.16 +.16
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Ne+NaF = 71 + X EdS¢/dp>
TABLE Vb 2)
E/A = 655 MeV ub 3/ (sr Mev
P" e" labf degrees
MeV/c 24 28 32 36 40 by
146 - .84 .89 1.01 .95 -
+.08 +.08 +.09 +.10
151 - .88 1.08 .93 1.27 1.31
+.09 +.09 +.09 +.11 +.11
156 .99 .83 .98 .91 1.24 1.31
+.10 +.08 +.08 +.09 +.11 +.11
161 .76 .84 1.09 .96 1.35 1.27
: +.07 +.08 +.09 +.09 +.11 +.11
166 .78 .88 1.07 1.11 1.10 1.29
+.08 +.06 +.09 +.10 +.11 +.10
171 .79 .79 .91 1.06 1.4y 1.45
+.08 +.05 +.08 +.09 +.11 +. 11
176 .80 .76 .81 1.11 1.52 1.54
+.07 +.05 +.07 +.09 +.11 +.14
181 .57 73 .93 1.13 1.26 -
+.06 +.05 +.06 +.09 +.11
186 .61 .70 - .86 1.03 1.21 -
v +.06 +.05 .05 .09 +.11
190 058 -65 -91 1.0” - -
+.06 +.05 +.05 +.09
195 .68 .66 .88 1.10 - -
+.06 +.04 +.05 +.10
200 .61 .60 .88 1.10 - -
+.06 +.04 +.05 +.07
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Ed3c/dp3

+ X

Ar+C = ¢

E/A = 1.026 GeV

TABLE VI

pub c3/(sr MeVZ)
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Ed3o/dp3

+ X

Ar+Ca = «

TABLE VII

ub 03/(sr MeVZ)

E/A = 1.02 GeV
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Ar+U > 1 + X Ed3g/dp
TABLE VIII 3 2) ’
E/A = 1.026 GeV ub ¢”/(sr Mev
IJTr | 91r lab.- degrees
MeV/c 0 y 8 12 16 20 2y - 28 32
100 62.1 92.7 65.7 81.9 81.2 - - - -
+9.5 6.6 5.8 8.1 +7.9
106 | 59.2 82.8 78.3 65.9 88.1 68.6 - - -
+8.3 +5.7 +5.8 +6.6 +7.8 +6.8
114 56.7 76.3 67.9 79.3 71.8 70.6 77.1 - -
$6.2  #l.3 5.6 6.4 5.7 +5.5 5.9
122 58.4 69.9 69.5 T4.4 65.8 69.6 61.6 - -
+5.5 +3.6 +3.0 +3.3 +3.0 +4.3 +4.1
131 69.0 68.5 62.3 62.5 63.4 61.7 52.5 61.4 —
+5.7 +3.3 +3.2 +2.8 +2.8 2.7 £3.4 +3.6
139 | 52.9 63.1 56.4 57.8 56.7 52.6 45.3 hu.7 55.8
5.0 +3.1 +3.8 +3.8 +3.8 +2.8 +2.5 +3.6 +3.5
148 - 54.5 61.7 51.8 52.3 47 1 51.6 45.5 -
+3.8 3.9 #3.5 #3.5 3.2 +3.1 £3.4
156 - - 54,2 54.0 52.0 54.5 47,1 52.6 -
. ‘ 1306 1307 13.3 t.3-3 i2-9 . i3-0
165 - - - 52.3 51.4 50.0 43.5 45.9 41.5
£3.5 3.2 +3.0 +2.9 2.7 +2.5
173 - - - - 47 .1 39.7 by 38.3 34.6
+5.4 +4,2 +3.2 2.4 +2.0
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Ed3o/dp3

+ X

Ar+C > ¢

TABLE IX

ub c3/(sr Mev2)

E/A = 1.026 GeV
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Ed3o/dp3

+
+ X

Ar+Ca = =«

TABLE X

ub 03/(sr MeVZ)

1.02 GeV

E/A
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+ 3 3
Ar+U = 1 + X Ed~g/dp
TABLE XI 3 2)
E/A = 1.026 GeV pb ¢~/ (sr Mev
p 0 lab. degrees
k) ki .
MeV/c 0 4 8 12 16 20 24 28 32
100 17.4 23.8 21.6 14.0 18.0 - - - -
+3.7 +2.3 +2.2 +2.6 2.5
106 16.0 23.4 23.8 21.7 4.7 21.9 - — -
+2.8 +2.0 +2.1 +2. +2.6 +2.5
114 17.0  21.5 20.2 24.3 22.6 22.4 18.0 - ~
+3.0 #1.6 2.1 2.5 #2.2 2.1 +2.0
122 13.5 21.5 20.8 21.0 22.1 22.8 20.0 23.7 -
+3.5 +2.2 +1.4 +1.3 +1.4 +1.6 +1.5 +1.7
131 20.9 20.6 20.5 7.0 19.6 18.4 20.5 21.9 -
+3.1 +2.0 +2.1 +1.2 +1.3 +1.2 +1.4 +1.4
13‘9 20.3 24, 15.2 26.4 17.4 18.9 18.1 20.3
2.7 +1.8 +2.3 +2.6 +2.3 +1.5 +1.3 +1.6 +1.3
148 - 20. 20.0 21.4 22.0 14,4 20.6 - -
+2.1 2.2 +2.5 +2.5 +2.2 +2.0
156 - - 24.3 23.3 18. 20.0 o7 17.5 -
£2.2 +2.5 +2.1 +2.3 +1.8 +2.1
165 - - - 18.9 20.0 18.3 20.3 3  18.9
I £2.2 2.4 2.1 #2.0  #£1.7  #£1.7
173 - - - - - 19.0 15.1 T 16.8
+2.8 + #1.8 +1.5
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