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The a2xperiment presented in this péper is an extension
of prLevious work on inclusave diffraction dissociation
at the CEEN ISR by the CERN-Holland—Lancastér—ﬂanchestér
collapozation (1]. The present experiment extends the range
in t down to t=-0.04 GeV? for s<1430 Gev and provides-
data in the range 0,15<-t<{.8 Gev? for CM energies of .

2000, 2860 and 3680 Gev? .It therefore allcws for the first
time a reliapie determination of the integrated single
diffractave cross section over the same range of energies,
over which the total cross section for gp scattering has been
shown to pe rising with energy {6 ]. .

The experimental setup has beewn described previously
in detaxl {2] and consisted of a maghetic spectrometer with
poueLtum resolution o(p)/p as given in table I, and a set of
scaintillation counter hodoscopes coverang 97% of the full
solid angle., One of the hodoscopés, ccnsisting of 12 small
overiappihg ccunters, Was placed directly cpposite the
spectrometer an the CK, and was used for identification of
elastically scatrered protons. The spectrcmeter was mobile
in the vertical plake and could thus providé a ceontinuous
scan i1h production angle, © , dcwn to 10 mrad.

Data were taken at eight values of s, corresponding
to the five standard ISR momenta (11.8,15.4,22.5,26.8,31.6
GeV) coiliding with an 11,8 GeV beam travelling towards. the
spectrometar and three combinations of equal ISE momenta in
botn beamns (22.5/22.5,26;8/26.8,31.6/31.6 GeV). At all

ensrgias a 3Cal was nade with 10<0<35 mrad., The values of s
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and thke raages in © ard t are summarized in Table I.
Because of requirements of other ISE users the data at the
three highest energies were taken with the Ierwilliger.beam
adjustmsent scheme applied. In this scheme the primary beans
are narrowed dowrn horizontally from 5 to 1 cm width,
thereby reducing the interaction volume tc a few cm .

in the reaction
P~l + P2 =2 PB + X
the square of the pomenturn transfer t and the mass squared
of the system X, Mz, are given by
t=(p,~p )’
and K= (P, *E, =B, )”
where p is the four-womentum of particle i and 2 is the
inaitaal protcm travelling tovards the spectrometer and 3
is the detected partlclé. For each event the values of ¢ and
f were determined using the measured three-momentum of the
detected particle and assuning the mass to be that of the
proton., (Previous measurements show the contamination from
particles other thah the proton to be smaller than 0.1% {4))
In non~-jerwiliiiger conditions the momenta of the initial
protons were deduced by exfrapolating the measured track back
to the horazcntal plares of the ISk beams and using the
known hcrizontal.p051£ion dependence of the monrenta inside
the 1S5a beams. For Terwilliger conditicns this information
was iost aind the initial momenta were taken to be the

weighted mean of the beam momerta before the Terwilliger

scheme was applied.
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At each value of ¥° and t the number of events due
to 2lastic scatteriné vas deduced from the topology of the
charged particles which accompanied the spectronetef‘
particle. 2lastic events vere identified by the criterion
that one and only one 6harged particle was detected in
adlition to the'spectro-eter particle and that the two
parﬁicles vere collinear in the CHM. Corrections were
naié for particles traversinq two counters,interactions
in the material of the vacuum chamber and random counts.
The accuracy of the determination of the number of elastic
events was of the order 1-2%. These elastic events were
useé to calibraté the momentum scale and measure the
resalution a1pi {see Table I).

The data were normalized by coiparing the number
of.leasured elastic events to previously published
diffe;ential elastic cross sections., Where no data on
elastic scatterirg wére available (at s=1050,1260 and 1880
GeVE) the elastic cross sections were obtained through
inéérpolation by'fiffing the exponential slopes of the
publiéhed diffeféhtiﬁl cross sections at -t<0, 14 GeV2
and -t>0.14 GevV® as linear functions in 1ns and the
{ntercept at t=0.0 GeV- as a quadratic function in 1ms.
A fdller‘descriptibn of the normalisation procedure is
given in Ref.5.,

Fig. 1 shows the invariant cross section versus

52/5 for severai'values of t, for the five lowvwest s values,

The resolution of the spectrometer i{s egual at all these s
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values and so allows a direct comparison of the data.
Pig, 1 shows that the data scale in the variabdble 82/5
for‘#alues of'52/s>0.01. To investigate whether scaiing
holds at higher energies all data were convoluted with
‘gauésian resolutior functions to simulate the resolution
of ﬁhe spectronetet at the highkest s value., Fig, 2 shows
the data thus treated for s=550,2000 and 2880 Gev? together
vith the data at s=3880 Gev< for several values of t.
It is again seen that the data scale for M°/s>0.01
Fig., 3a and b show the data integrated in t and ﬂgls.
Fof'Fiq. 3a the integration limits in Hels are 4n<u2/s<0.01
and'fdf Figqg, 3b'the Iimits are 0.01<n2/s<0.05. {The data in
these'fiqures'héve been corrected for the varying resolution
of the spectrometer). For H2/3>0.01 the data shov no s
depandance (scaling) whereas for He/s<0.01 there 1s a clear
increase of the cross section with increasing s. This
apparént non scaling for 52/s<0.01 is kinpematic in origin
and due to the féct fhat the minimue mass, M. i, »that can be

produéed is ¥ ;. =n +§K', independent of s, This is borne

b
out in Fig, 3c,”whi¢h shovs that the position of the peak
in the 52/5 scale varies linearly vithk 1/s.

" The t-dependence o5f the data, when integrated from
the lower limit in na'dp to M2/s=0,05 is shown in Fig.4
for”all values of s albng with data from our previous
experizsent [1]. It can be parareterised as

doydt=A exp(bt+ct’)

Integration vith a procedure described in ref.?, and
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multiplication by a factor 2 because of the symmetric case,
pp->XIp, then giéeé‘the total diffractive cross section.
The'ihtegration liﬁit M2/5=0,05 is chosen to balancé the
small contribution'eipected from higher Hg/s values against
a contasination from non-diffractive processes at lower
HE)S values. For corparison with literature data the
cross sections integrated up to H2/s=0.1 were also coaputed.
Pig;‘Sa and b shoﬁ the total cross section as ; function of
s for both liuité of inteqration and Table ITI gives the
numérical valueé. fig:Sb also shows the diffractive
crﬁss-sections as obtaihed by several FNAL experileﬁts [7-91}.
There is good agreéméﬁt vhere the data overlap.

In the fiéure are also shown several hypotheses for
the energy dependencé of the diffractive cross section.
The dashed line shous the total inelastic cross section
with a constant subtracted so as to make 1t equal to the
seasured diffractive cross section at s=1050 GeV-.
ItAis clear that for neither iptegration limit the rise
in the diffractive cross section can fully explair the
risa in the totéi jnelastic cross section. The solid curves
shdw the best‘fit to-the data assuming the diffractive
cross section is a fixed fraction of the total cross sectlion.
Thkis hypothesis §i§es good agreement with the data with
Taif
Pinally the dot-dash line represenﬁs the prediction of the
enacqi—dependeﬁcé of diffractive séattering as derived froa

a parfon model formulation by Miettinen and Pumplin (10].

(42 /5<0.05) = (0.17+0.01) o, and OF;p (A /5<0. 1) = (0.19£0.02) oFy «
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In this model the elastic, diffractive and total cross
sections are given as functions of two parameters,
Thaese paranetérs are fixed using the total and totai elastic
cross sections and the model then predicts the ragnitude
of the diffractive cross section. The agreement in absolute
magnitude of the cross section is reasonably good, the
preldiction lying between the values for the two different
intégfation linits., The prediction that the cross section
rises by 0.8 ib-fron $=550 Ge¥Z to s=3880 Gev” is in excellent
agfeeient with the meaéured value of 1 ab.

In conclusibn, ve have presented data on inelastic
diffractive scatféiing at the highest energies currently
available and have shown that the data scale in ne/s for
52/5>0.01. The diffractive peak shifts toward lower
valuesaof HE/S as s incfeases, consistent with the lower
liiit for diffracfion being fixed in ».

The t~depenaén¢e shows no indication of a vanishing
crass section at £=0.0 Gevz.

The total diffractive cross section rises by ~15%
in the energy range 550<s<3880 GeV- consistent with the
pfédictions of the parton model of Miettinen and Pumplin
and also with the‘hypéthesis that diffraction scattering
is a fixed fraction of the total cross section. The data
tulé-dut the the possibility that the rise in the
diffractive cross section accounts for the total rise of
the inelastic cross section,

A fuller anélysis of the data and tables of cross
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sections are presented in Ref.5.
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TABLES:

I : ¥omentum resolution,momentum transfer and production

anglé ranges for the data of this experiaent.

II

Total diffractive cross sections for integration

limits ¥°/8<0.05 and M°/s<0. 1.



PIGURE CAPTIONS:

1 :  Invariant cross section versus % /s for;sevgrgi values
" of t and for 550<s<1880 GeV-.
2 = Invariant crbéswsection-versus M2 /s forfseverai values
of t and for $=550,2000,2880 and 3880 Gev2. The data
at the three lovest energies have been éonvqlutéd vith
gaussians té sipulate the worse resolution of the
spectronefer at s=3880 GeV-.
3a: Invariantrcroés section integrated over t for n?/s<0.01
versus 1/séhrk -
3b: .invariant cross section ictegrated over t for
0.0i<u2/é<6.65.vefsns 1/s. 7
3c: Position of the maximum of the diffractive pégk in 52/5
as a function of 1/s.
4 : The inelastic differential cross section versus t
after intégration'in mass from threshold up to 52/s=0.05.
5 = Integrated“difftactive cross section for
| (a) MZ/s<0.05
and (b) ®2/s<0.10.
{+) data from present experiment and ref 1,
(x) data‘fron Ref.7, (¢) data from Ref.8 and (o) data
from Ref.9. Dashed line OTnei~const normalised to
£he neasﬁred-érdss section at é=1050,GeV2.
Ssolid line Aoyt »,with A=d.17(af and-h=0.19(£i. |
Dot-dash line'prediction of the parton_modei of Miettinen

and Punpliﬁ [Iﬁ].
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TABLE I
'ndgznra
BEAY1| BEANM2 s o(p)/p | B-range | Jti-range
GeV GeV Gev'e b 4 arad. GeV?
1.8 | 11.8 | 550 | 0.70 10-35 |0.0275-0.270
15.4 | 11.8 750 | 0,70 10-35 | 0.0375-0.190
22,5 | 11.8 | 1050 | 0.70 10-40 | 0.0425-0.270
26.8 | 11.8 | 1260 | 0.70 15-35 |0.1050-0.330
31.6 | 11.8 | 1480 | o0.70 13-35 | 0,0750-0.330
22.5 | 22.5 | 2000 | o0.9¢ 10-45 | 0,0900-0.840
26.8 | 26.8 | 2880 1,05 10-40 | 0.1100-0. 840
31.5 | 31.6 | 3880 1,45 10 35 |0.1100-0,840
TABLE II

s o s (B2/5<0.05) o .o 2 /50, 10)

Gev? zb sb

550 6.5+0.2 7.840.4

750 6.340.2 7.640.4

1050 6.540.2 7.840.5

1260 7.540.5 8.940.6

1480 7.3¢0.4 8.840.5

2000 7.340.3 B.,9+0.4

2880 7.040.3 B.6+0.4

3880 7.540.3 9,140, %
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