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ABSTRACT

= W

Data on antiproton-proton cross sections at the c.m. energles

200 and 900 GeV are presented. The data were obtained at the CERN
antiproton—proton Collider operated in a new pulsed mode in which the

same beams were accelerated and decelerated between beam energles of

450 and 100 GeV. The properties of the machine determine the ratio of

the luminosities at the two energies to about 1% and thus an accurate
measurement of the ratfo R of the 1inelastic cross sections could be

made, We find R (= ¢909/4200y = 1,200.0120.02, where the first error

is statistical and the second systematic. Interpolating existing

data to estimate Ginel(zoo GeV) this measurement of R leads to
”1ne1(900 GeV) = 50.3+0.4+1.0 mb. Using an extrapolated value of

: delldtot we estimate the total cross section at 900 GeV to be
65.320.7+1,5 mb. Both the inelastic and total cross sections are
compatible with a 2n?s dependence. Comparisons are made with

different fits to the total cross section energy dependence.
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1. INTRODUCTION

The total cross section %ot for pp and Ep scattering has heen
shown to rise over the energy range of the ISR (c.m. energy Vs =
30-62 GeV) [1-3] and, more recently, has been shown to follow an
approximate fuZs dependence up to Vs = 546 GeV at the CERN
antiproton-proton Collider [4]. This rate of growth is the maximum
compatible with the FPFroilssart bound [5], although the predicted
coefficient of the &n?s term [6] (nlmi) appears to be much greater
than the neasured value. 1In an {mpact parameter view [7] this AnZs
dependence would imply that the radius of the proton 13 growing like

ins.

The 546 GeV measurements also show, however, that the ratio
r = Gel/dtot has increased from a value 0.18 at the ISR to 0.22 at the
Collider, thereby ruling out models which require r to be a constant,
such as geometrical scaling [8], or to be constant or decrease with
energy, such as Reggeon field theory with the 'critical Pomeron' [9].
Furthermore, from the impact parameter viewpoint this suggests that
the cpaqueness of the proton(*) has increased from about 0.36 at the
ISR [7] to about 0.43 at the Collider [10,11], to be compared with the
unitarity bound of 0.5 corresponding to complete absorption. Any
asymptotic regime would thus seem to be far away, with the observed
achievement of an early 2n?s dependence of otot being evidently

misleading.

Any evidence as to the likely trend of Oiot 8t higher
energy 1s therefore of great interest. Is the 2nZs dependence
going to contlnue, or 1s an alternative possibility, such as Gtot
approaching a constant, going to occur?

The top energy of the CERN ;p Collider in normal DC operation
is limited mainly by the level of power dissipation that can be
tolerated in the main ring magnets of the SPS. It was proposed in
1982 [12] that one could cycle the stored beams between 450 GeV and

(*)defined as the value of TImf(s,b) at b = 0, where f(s,b) is the
scattering amplitude in terms of the impact parameter, b.



gsome lower energy (say 100 GeV) such that the average power
consumption would not exceed that in DC Collider operation (then 270
GeV, now 315 GeV per beam). The main aim of the UA5 proposal [13] Was
to search for a possible threshold above ¥s = 546 GeV for unusual
events (Centauros, Chirons, Geminions)[14]. Furthermore an overview
of hadron physics up to 900 GeV with reasonable statistics could be
obtalned. Following successful tests of the pulsing scheme during
the summer of 1984 the dedicated physics run of the pulsed collider
took place in March—April 1985.

With the UA5 detector it was possible to measure
interaction rates at both 900 GeV and 200 GeV, and although the
absolute values of the machine luminosity are known only to some
+10%, their ratio at 900 and 200 GeV 1is known to 1%, thus making
possible an accurate measurement of the ratio of the cross sections
at the two energies. Since the value of the cross section at 200
GeV can be found by interpolation, a value at 900 GeV can be
inferred. Furthermore, the measured ratio can itself be used to
investigate different asymptotic forms of the scattering amplitude,

for example In terms of analytic functions [15,16].

This paper 1s organized as follows. The operation of the
pulsed Collider and the UA5 detector 1is described 1in section 2.
The experimental method is described inm section 3 and the results

are presented in section 4. Conclusions are given in section 5.



2. THE PULSED COLLIDER AND THE UA5 DETECTOR
2.1 The Pulsed Collider

¢

The cycle used, depicted in figure 1, comprised a 4 s flat top
at ¥s = 900 GeV and an 8.4 s flat bottom at ¥s = 200 GeV. The duty
factor was 19%7 (38%) for 900 (200) GeV. New hardware and software
techniques were developed [17] to reduce the machine tune (Q)
variation to within ~ 0.002 at all points of the cycle. Methods were
developed for measuring the tune to 0.001 every 6 ms over the cycle,
the results being fed back as adjustments to the power supplies. This
improved tune stability was important for the present analysis,

ensuring a constant luminosity ratio between 900 GeV and 200 GeV.

Some features of the pulsed Collider performance are
summarized in Table 1. Although the luminosity was much lower than
during normal DC operation (mainly due to the absence of pulsed low
B quadrupoles) it was entirely adequate for the physics aims of the
present experiment. From the point of view of the UA5 detector,
there was generally less background (beam—gas and particles lost
from bunches) in the pulsed mode of operation than from Collider DC
operation in 1981-82, presumably because of the improvements

mentioned above.

2.2 The UAS Detector

A schematic layout of the UA5 detector 1s shown 1n figure
2; more detalls can be found 1in ref. [18]. Two large streamer
chambers, 6m x 1.25m x 0.5m, are placed above and below the 2mm
thick beryllium vacuum pipe. They glve an azimuthal coverage of
95%Z for a pseudorapidity ‘n,(B {(n = —fn tan 0/2 where 9 is the c.m.
production angle) falling to zero at fnf = 5. Each chamber is
viewed by three cameras and each frame contains a stereo pair of
views. At each end of the chambers there is a palr of trigger

hodoscopes, designated Al and A2, covering the pseudorapidity range



2<|n’<5.6. The large solid angle covered by these hodoscopes and
their good time resolution made the trigger efficient for beam—beam
interactions while at the same time suppressing a good part of the

beam—gas background.

Data were taken with two triggers, run 1In parallel, based
on different combinations of the {incident proton arm (Al) and the
incident antiproton arm (A2). A 2-arm trigger, Al.A2, requiring at
least one hit in each arm, selected mainly non single-diffractive
(NSD) events. A l-arm trigger Al.A2 was used to select highly
asymmetric events, for example single-diffractive (SD) events. The
trigger Al.A2 contained too much background from the more intense
proton bunch and was not used. The relationships between the triggers
and the different physical processes (elastic scattering, single
diffraction and non single-diffraction) are illustrated in figure 3.
The data presented 1in this paper are based on 59000 triggers. Of

these 25000 had streamer chamber photographs which were examined.

3. EXPERIMENTAL METHOD

The rate Ni(t) for a given trigger 1 (l-arm or 2-arm) at
any time t is related to the luminosity L(t) and the trigger cross

section ci through

Ni(t) = d,L(t) (3.1)

Hence one c¢an write for the ratio R of the cross sections at 900

and 200 GeV

6,900 N0 4o
(3.2)

200 < 200 900

Gi Ni L

In this section we discuss first the ratio of the Iluminosities
indicating how this ratio can be known to 1l%Z. We then show how the

trigger rates are obtalned from the electronic data combined with



information from the scanning and measurement of the streamer
chamber photographs., Finally we show how to relate the cross sections
= g, + o ) to the

sp° °8sD’ “inel sp” “Nsp
triggering cross sections for the l-arm and 2-arm triggers (v, , 02).

for physical processes (o

3.1 Luminosity Ratio

At the Collider the luminosity may be written

n_ n-
L=f 2P (3.3)
Aeff
where f£(=43.4 kHz) is the revelution frequency and np and nE are
the numbers of protons and antiprotons 1in each ‘bunch, the same
throughout the cycle. The effective transverse area of the bunches

is given by

Ll

1
Ace = " d/ﬁH BV(EPH+E5H).(EPV+E;V) (3.4)

in terms of the machine beta~function values (B) and emittances
(E), H and V denoting horizontal and vertical respectively. Approx-
mate values of these quantities are given in Table 1. On recalling
that the emittance may be written E = ne*(yz—l)'llz, where 1e" 1s the

normalized emittance and Y the Lorentz factor of the beam, it follows

that
(B, B )1/2
]-'_.200 H v 00 7200
= * 3-5)
900 1/2 200 (
L (BH Bylaos ¥

During the period of pulsed Collider operation, measurements [19]
were made that confirmed that the ratio of the horizontal beta-
functions at the two energies was unity with an upper limit to the
error of *1% and likewise for the vertical values. Analyses [20] of
radio frequency settings, of the radial positions of bunches within

the machine, and of extracted proton beam measurements, show that



200

A = 0.2238 * 0.0006 (3.6)

300
Y

It follows that the luminosity ratio 1is 0.224 within *t1%. A study
of wire scan data during the run [21] confirms this value of the

luminosity ratio giving 0.22+0,03.

3.2 Trigger rates

The numbers of l-arm and 2-arm triggers N1 and N2 have to
be corrected for background e.g., from beam-gas Interactions and
scatters in the vacuum chamber of particles lost from the circulating
‘bunches. The fractions of true beam—beam interactlions were determined
by scanning and measuring streamer chamber photographs. Figures 4a,b
and ¢ 1llustrate three classes of events: a 2-arm beam—beam inter-
action, a l-arm beam—beam Iinteraction and a background interaction.
In the case of 2~arm triggers scanning was sufficient to distinguish
background from beam-beam interactions as confirmed by full
measurements of a sample. In the case of l-arm triggers, obvious
background events were rejected at the scanning stage, all remalning
events belng measured. Figure 5 shows the resulting vertex
distribution along the beam axis for (a) 2-arm triggers and (b) l-arm
triggers. The widths of the distributions are the same, but in the
l-arm case there 13 a uniform background outside the peak, which we
agsoclate .with beam—gas interactions. This background was subtracted
assuming .a uniform distribution under the peak. The fraction of
beam-beam Interactions was on average 97.2% (93.8%) for the 2-arm
trigger at 900 (200) GeV. For the l-arm trigger it was much lower,
27% (B%Z) at 900 (200) GeV.

During a particular £f111 of the Collider the trigger rates
fell about an order-of magnitude from the inlitial wvalues of about
10 Hz and 1.5 Hz for the 2-arm and l-arm triggers, respectively.
However, corrected for background as described above, the ratios of
the trigger rates at 900 and 200 GeV were found to be constant
during a particular fi11 and also from fill teo fill. This is



illustrated in filgure 6 where the luminosity (a), the ratio of the
corrected 2-arm trigger rates at 900 and 200 GeV (b), and the ratio of

the corrected l-arm trigger rates at 900 and 200 GeV (c), are shown.

3.3 Trigger Efficiencies

Single~diffractive events have very different triggering
properties from other events. In order to determine the overall
trigger efficiency we therefore divide the inelastic cross section
g into a single-diffractive part, o and a non single-

inel Sb

diffractive part OnsD’

%tnel = %sp T %Nsp (3.7)

The triggering cross sections % and 9, for the l-arm and 2-arm

triggers, respectively, are related to o and o by the trigger
NSD, SD sD NSD
efficlencies £ ’2 in obvious notation:
>
NSD 5D
% €y Spsp + € 9sp {(3.8)
NSD sh
Oy = € %xsD + Ey Ogp (3.9)
Solving equations (3.7-3.9) gives
= .1
%inel T 1191 T %% (3.10)
1) NSD
where x1,2 are functions of €y ,2 and €y 2
Combining eq. (3.10) with eq.(3.2) one has finally
900 [2 900
.o X N X, N ] 200 200
R = inel _ 171 #2772 . Lgo . t900 (3.11)
200 200 0
o [2x) 8y +x,1, ] L €
inel
where N are the corrected numbers of counts obtained in a trigger

1,2
active time t. The extra factor of 2 appearing 1n eq.(3.11) results

from the use of only one of the two l-arm trigger combinations. HNote

that figures 6(b) and (c¢) correspond to putting in turn X = 0, Xy = 1,



= 0 in eq. (3.11).

and x1 =1, xz

NSD
1 ,2
diffractive component were estimated using the UA5 cluster Monte

The trigger efficiencies ¢ for the non single-
Carlo [22], which has been tuned to reproduce observed features of

particle production up to 900 GeV.

For the single diffractive component an event generator was
used that fncorporated an g /M2 dependence of the 1avariant cross-
section [23], a longitudinal phase-space decay of the diffractive
system with mass M, a decay multiplicity of the system M following
a in M dependence and a lower cut—off in M of 1.08 GeV (= Mp+Mﬁ).
An upper limit to M was taken from M2/5<0.05. The distribution of the
momentum transfer squared to the recoll sgystem, t, was takén to be
e_;it . The values obtained for the trigger efficiencies are given
in Table 2. Correlations between systematic errors 1in the
efficiencles cause thelr effect largely to cancel in the ratio of the
cross—sections at 200 and 900 GeV. As a check on the validity of our
event generators, we compare 1In figure 7 the pseudorapidity gap
distribution for the l-arm triggers with the results of our
simulation. The form of the simulated distribution is sensitive to
the wmixture of single diffractive and nen single-diffractive

components, and the good agreement 1s a consistency check on our

simulation procedures.

b RESULTS AND DISCUSSION

Using eq. (3.11) we get the following result for the ratlo of
the inelastic cross sections at 900 and 200 GeV:

200
inel

R =
inel 200
0‘inel.

= 1.20 + 0.01 + 0,02

This value of R 1s the slope of the stralght line ia fig.8, which {s a

plot of N200¢200 /1,900 against N200, The first error in R is
statistical, and the second systematic. The relative contribution of

the different sources of systematlc errors to the error in R are given
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in Table 3. The systematic errors in the determination of the
interaction rates operate in the same direction at hoth energies.

Therefore these errors tend to cancel in the ratio.

4.1 Absolute values of o290 900
inel tot

To obtain absolute values of the cross sections we use the
recent fit to Ciot by Amos et al. [3] which gives Gigg = 51.6 * 0.4 mb.
To get the inelastic cross section we need the ratio Uell S0t which

has been measured at vs = 546 GeV to be 0.215 * 0,005 [4]. Ve
estimate by interpolaticn and extrapolation the values of Gellctot to
be 0.19+0.01 and 0.23#0.01 at 200 and 900 GeV, respectively. Using

(l-o

o
S el %ot el/ tot) this gives for the inelastic cross section at

0 200 = 41.8 + 0.
200 GeV, 9 inel 41.8 * 0.6 mb, and using our measured value of Rinel

we find ciigg = 50.3 * 0.4 * 1.0 wb (first error statistical, second

systematic including the error on the estimated wvalues of cellotot and

200
ctot)' Using the above extrapolated value for oell ctot we finally

get

o990 = 65,3 + 0.7 £ 1.5 mb
tot

Figures 9 and 10 show the energy dependence of % nel and Yot

Our deduced value of dtot at 900 GeV agrees with the dispersion

relation fit of Amos et al. [3] that gives ngg = 65.8 mb.

4,2 Discussion

We compare our measurement with different fits to Ep and pp total
cross sectlon data published recently. Although these filts are {in

good agreement with the data they rely on the only measurement

avallable above 62 GeV, namely o = 61,8 * 1.5 mb at 546 GeV [4].

tot

To compare predictions of ¢ with our measurement of Rinel’ We use

tot
the values of cellotot = 0.23 * 0.01 and 0.19 £+ 0.01 at 900 and 200

GeV resgpectively. This implies that R 1= (0.95 ¢ 0.02)Rt0t, where

ine
the error is due to the uncertalnty in estimating Gellctot'
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One method of describing the total cross section {is to use
analytic forms of the scattering amplitude [15,16]. Bourrely and
Martin [16] have chogen

2
A+Bn2-15

s 2
F = 1is o
2
lL+cani-15
s 2
Ie)

for the even amplitude. This leads to a high energy form of the cross

section (neglecting terms linear in fn s) like:

Sor = (A + B an(s/so))/(1+c lnz(s/so))

If C =0, O or Saturates the Frolssart bound [5] rising asymptotically
like fn?s. However, 1f C is non-zero but <<l a growth like fn%s is
observed in a limited energy range only, finally approaching a
constant value. Bourrely and Martin [16] have considered one fit with
C = 0 and a second fit requiring C non-zero and as large as possible

whilst remalning compatible with data.

From thelr fit with C = 0 we calculate Rine1= 1.264 +# 0.025 while

from the second we find Rinel = 1.208 * 0.024. The quoted error is
due to the ianterpolation we had to make to calculate the value of R.
Although no definite conclusion can be made our measured value of R =
1.20 * 0.01 + 0.02 favours a total cross section that approaches a
constant value as s + », A comparison of our measurement of R with the
similar fits of Bloeck and Cahn [15] again appears to favour an
asymptotically constant value of Gtot within this type of

parametrization.

In a dispersion relation fit by Amos et al. [3] O ot is

parametrized by

z
= +
ctot C1 E % C2 E + 03 + C4 n"s

where E is the laboratory energy, and z {is determined by their flt to

be 2,02 + 0.02. The first two terms in Seot describe the low energy
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behaviour, the second repesenting the difference between pp and pp
cross sections, and are almost irrelevant at Collider energles. This
fit ylelds Rine1= 1.211 *+ 0.024, The good agreement of our measured
value with this fit shows that the data can be well desecribed by a

f0ls rise of the total cross section.

A power law fit as suggested by Donnachle and Landshoff [23] glves
Rinel = 1,206 = 0.024, again in agreement with our measured value.
Note that this fit, although rising faster than ans, is mnot in
contradiction with the Froissart bound assuming an asymptotic regilme
is still far away. In figure 11 the fits discussed above are shown in

comparison with the data.

The 25% rise of the total cross section from 200 GeV to 900 GeV

derived from measurement of R and interpolation of oel/o is in

tot
Together with the UA4

inel

very good agreement with a n?s growth of Gtot‘
measurements this allows only little deviation from a 2n?s behaviour

of the total cross section up to an energy of 1 TeV.

5. SUMMARY

The pulsed Collider worked very well making possible
experiments at the highest c.m. energy reached so far. The ratio R
between the Bp inelastic cross sections at 900 and 200 GeV was
found to ‘be Rinel = 1,20 + 0,01 * 0,02. We deduce a total Ep cross
gsection at 900 GeV of 65.3 * 0.7 + 1.5 mb, in agreement with a fn?s
increase from the ISR energy range. Our results have been compared
with various published fits to the energy dependence of the Ep total

cross section at high energles.
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Table 1

Summary of 900 GeV Pulsed Collider Performance (Period 1 1985)

Beam energlies 100 to 450 GeV

Protons per bunch (np)
Antiprotons per bunch (n;)
Emittance, protons (Ep)

Emittance, antiprotons (E;)
*

Ba,v
Initial luminosity at 900 GeV

Bunch iatensity lifetimes
Luminosity lifetime

Bean time for physics

No. of cycles (21.6s length)
Integrated luminosity at 900 GeV

6.1010

7.10°

15% 10™%rad m
20m 10" %rad m
50 m
3.10%%cm= 2571
4 -6h
2-3n

95 h

16 000

6.9 pb!




17

Table 2
Values of trigger efficiences € as determined from Monte Carlo
simulations. Note that the errors for a given type of process (NSD
or SD) are highly negatively correlated between the l-arm and 2-arm
trigger efficiencies and positively correlated between different c.m.
energlea. They represent an estimate of the systematic uncertaintles
arising from different assumptions in the models. In the SD model the
malin uncertalnty surrounds the <pT) of particles in the diffractively
excited system; we have allowed for a range from 0.3 to 0.5 GeV. The
chief uacertainty in the NSD model concerns the form of the leading
particle distributions for Feymman x > 0.95; the quoted error
corresponds to takiong elther a flat x-distribution or a 1—,x| form

[25] as extreme possibilities.

NSD NSD SD sD
Y8 (GeV) El 82 51 €,
200 .0.067%0.009 0.918+0,010 0.60%0.02 0.06+0.02

900 0.033%0.009 0.950+0.008 0.48+%0.02 0.15+0.03
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Table 3

Contributions to the systematic error in R.

Error source Contribution to systematic
error in R

Background correction

1 arm sample 7%
2 arm sample 5%
(*)
Trigger efficlencies
NSD MC Y 4
SD MC : A%
Luminosity ratio 1%
Total 1.5%

%
( )The contributiona of the trigger efficiencies to the systematic
error have been derived from the values given 1n table 2. However, we
have pessimistically ignored the 1ikely positive correlations between

different c.m. energies mentioned in table 2.
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Figure Captions

Fig. 1 The 21.6 s machine cycle for the pulsed SPS Collider.
Fig. 2 The UA5 experimental layout.

Fig. 3 The relations between physical processes and different

triggers.

Fig. 4 Streamer chamber photographs of a Ep 2-arm trigger (a), a
Sp l1-arm trigger (b) and a background l-arm trigger (c).

Fig. 5 The vertex distribution along the beam axis for 2-arm
triggers {top) and l-arm triggers (bottom)}. Data at 900

GeV.

Fig. 6 (a) Luminosity at 900 GeV derived from the 2-arm trigger
rate. Each point represents a sample of triggers
corresponding to about 500 triggers recorded on film. The
points are ordered in time through several runs. (b) Ratio
of corrected 2-arm cross-sections (900 GeV/200 GeV).

(c) Ratio of corrected l—arm cross-sections.(900 GeV /200

GeV).

Fig. 7 The distribution of pseudorapidity gap g, defined as
“follows: 1In a SD event the rapidity of the unexcited proton
' 1s (Rn(/s/Mp). 1f Max is the largest pseudorapidity of any
particle observed in the event then g = Xn(/s/Mp)—nmax. For
SD events with a 1/M? distribution g should be uniformly
distributed, whilst NSD events in the l-arm trigger sample

tend to have g close to the minimum value allowed by the

trigger.

Fig. B Plot of the corrected inelastic rate NggglLogg/Lggo agalnst

N2pg. Each point corresponds to a ~ 500 picture rum, as in

fig 6. The line corresponds to Rinel = 1.20.



Fig. 9

Fig. 10

Fig. 11

20

The inelastic pp and Ep cross—sectlons as a function of

the c.m. energy ¥s. Data from refs [3,4,24].

The total cross—section for pp and ;p as a function of

the c.m. energy vs. Data from refs [3,4,24].

As fig 10 with various fits superimposed.
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FIG.4(c)




NUMBER OF EVENTS

] | I T ] T T ] | j
1601 ]
120} 2~ ARM i
80+~ =
LO =
5ol 1~ ARM |
40 n
20 ~—

L Y e ) e . T e B
-70 -50 -30 -10 10 30 50 70
x {(cm)

FIG.5



Luminosity  (107em2s™)

2 - ARM ratio

1 - ARM ratio

| I I I | | I N
— (a)

026 -
ST _
0.161- t ++ ¢ -
¢ ' i

+ f t .
008 -*‘ ¢ o \,. N | |
— \ s W8 ° % e

0.00 | | | | [ l 1 |

Sample number

200 1 ] T

| E+++#ti+ *++++ *«a‘*ﬁ

1.00+—

050

fW’} ﬁ@% +ﬁ++ %

1 I L

| | ] i I

0.00 ' |

40 50 60 70 80

Sample number

40 50 60 70 80

Fig. ?‘6



NUMBER OF EVENTS

60

40

20

60

40

20

RECOIL OBSERVED PARTICLES
PROTON —A \
-
<o T T
in P
e
] I I I I |
™ DATA
combined MC
NSD component
900 GeV
| --r--l-—-""l—] | i
| ] I I | I
i ) DATA
— combined MC
9P|
200 GeV * — — NSD component

FIG. 7

12 14



| ] 1 | “
@,
e |
3
e~
e
+ 2
e
—_ AN
@
4 I
PR 13
‘.
_ ! |. _ ] | | =
© 3, o ©w N @ ~3 i
o~ ™~ ™~ - - o o o
(ZH) 506V ooz * oo6 Y

N200 (Hz)

FIG.8



1T tit l | | 1 I 1T 11T ' T T T T T TT1T1 I
INEL | i
b
(mb)|  \NELASTIC UAS |
CROSS SECTION
sol- UA4 _
| _ %’ —_
Z 200 GeV
40 TRY 5 (INTERPOLATION) |
L _
_ s b
g4t
- + +‘+ _
o ‘¢°*
pp —
Ca it Lol I il
10 100 1000

F16.9 ¥s (GeV)



OroraL (MBI

75

65

60

55

50

45

40

35

‘li

||‘ I 1 I‘l\ll‘

TOTAL CROSS-SECTION

\ { Illlll‘

o]
- UA4
 UAS
Z
i + = 200 Gev |
(INTERPOLATION)
¢ PP
%
o
o & et
o +i%
Coo,™® 4
- pp + -
T ¢
| a1l Lo bl N RN
5 10 50 100 500 1000
Vs [GeV]
Fig.

10



TroraL (MB)

75

65

60

55

50

45

40

35

rTTT] T T [ T 1T T T [ TTTT]

TOTAL CROSS-SECTION

FITS TO DATA
—— DONNACHIE AND LANDSHOFF

--- AMOS et al.
--— C#0

...... =

}MART!N AND BOURRELY

NN

f i 200 Gev

B ' j-’ (INTERPOLATION)
- PP ¢ s
[ ]
b P o.‘.
Lol Lo b I Lot Lol
5 10 50 100 500 1000

Vs (GeV)

FIG. 1



	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12
	13
	14
	15
	16
	17
	18
	19
	20
	21
	22
	23
	24
	25
	26
	27
	28
	29
	30
	31
	32
	33

