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Abstract

We propose an experiment to measure the total cross section, elastic scattering
and diffraction dissociation at the LHC. Our aim is to obtain accurate information on
the basic properties of proton-proton collisions at the maximum accelerator energy.
For these measurements, we have to detect particles emitted in the very forward
region.

The experimental method and the techniques which are involved are very special
and quite different from those used in the large general purpose detectors. Therefore
we believe that these measurements should be performed by a dedicated experiment.

Our first objective is the measurement of the total cross section. This can be
done with a limited amount of running time at low luminosity possibly during the
early running-in phase of the accelerator. No special infrastructure is required;
the cost of the apparatus is quite modest.

Spokesman : G.Matthiae Technical Coordinator : W.Kienzle

ITOTEM is a acronym for TOTal and Elastic Measurement.
The present list of authors includes only the representatives of the collaborating institutions.
The actual number of collaborators will be expanded in due course as the project develops.
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Foreword:

WHY SHOULD ONE MEASURE PROTON-PROTON
ELASTIC SCATTERING AND TOTAL CROSS-SECTION
AT THE LHC

André MARTIN

Theoretical Physics Division, CERN
CH - 1211 Geneva 23

To the participants of the TOTEM collaboration, it seems obvious that if one has the highest
possible proton-proton centre-of-mass energy in the world (except for cosmic rays) at the LHC
one must take advantage of this and measure the proton-proton elastic scattering and, at the
same time, the total cross-section, using the optical theorem or some other method.

However, some physicists might object that such an experiment will neither test the standard
model, in the sense that it is not possible to compare the measurement with a calculation ab
initio, from the value of Agcp, the number of flavours and the masses of the quarks, nor
constitute a window to look for phenomena beyond the Standard Model. Concerning the
former point let me say that it is as if one decided not to measure the boiling temperature of
water as a function of pressure because one cannot confront it with a calculation using only
as input data the mass of the proton, the mass of oxygen, the mass of the electron and the
fine structure constant. The proton-proton total cross-section is first of all something we have
to know, the most down to earth reason being to normalize the cross-sections for supposedly
“Interesting” processes. In fact we already need now an estimate of this cross-section, because
we want to know how many collisions will take place when two protons bunches cross inside
the LHC and we want to have a system of detection able to sustain that. Present estimates are
based on measurements of total cross-sections and real parts, combined with some simplicity
assumptions. In 1984, C. Bourrely and A.M. [1] gave rather crude limits for total cross-sections
at 1.8 TeV (previously scheduled energy) of 110 £ 20 mb. A more refined estimate, by the
group UA4/2, taking into accounts more recent measurements, such as the precise measure
of the real part at the SPPS collider (the corresponding measurement at the Tevatron is too
inaccurate to be useful!), gives, at 14 TeV, 109 mb £ 8 mb [2]. This, however, does not replace
a direct accurate measurement, which avoids all uncontrollable uncertainties, like the postulate

3
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that at these high energies the difference between pp and pp scattering in negligible (absence
of “odderon”) and the validity of dispersion relations. Precisely, the belief that proton-proton
scattering is not going to reveal new physics is not necessarily correct. New physics could be
revealed, as we shall see, by a violation of dispersion relations, which itself could be due to the
appearance of a fundamental length in the theory (I am not speaking of the Planck length!). On
the origin of this fundamental length, I know at present two possibilities: the existence of extra
compact dimensions for the spacetime, as advocated by N.N. Khuri [3], or the discretisation of
space due to quantum groups as proposed very recently by J. Wess [4] (one of the inventors of
supersymmetry!). This will be discussed later.

If there is no calculation ab initio, there are several reasonable models describing proton-
proton scattering and these are worth comparing with experiment. A subset of these models
is the Cheng-Wu model [5], which became the Cheng-Wu-Walker model [6], eventually fully
exploited by Wu, Bourrely and Soffer [7].

The Donnachie-Landshoff model [8], which is only ment to describe pp scattering at presently
available energies, and probably at the LHC, but cannot describe the asymptotic energy domain
because it violates “sacred” bounds.

The Kaidalov-Ter Martyrosian model [9], based on a supercritical Pomeron. I shall not
discuss the critical Pomeron case, which is very well described by Moshe Moshe [10}, but has
the unpleasant feature that the elastic to total cross-section is decreasing, in disagreement with
present experiments.

As a list of features to be looked at in elastic pp scattering, we can take the one of G.
Matthiae [11]

- total cross-sections and real part

- the forward peak

- the ratio of elastic to total cross-sections

- the dip shoulder region and the large momentum transfer region.

Concerning the total cross-section, we know that it should satisfy the Froissart-Martin
bound [12]

m
< — (Ins)?
or 2 (In s)

we also know that the constant in front of log? is by construction a wild overestimate. Whether
the bound is qualitatively saturated is an important issue raising lots of discussions. In the
paper of Augier et al. [2] it is argued that the best fit is given by (log s)?, ¥ compatible with 2.
In the Bourrely-Cheng-Soffer-Walker-Wu model, as well as in the supercritical Pomeron model
of Kaidalov and Ter Martyrosian [9] this comes out naturally. For the time being, evidence is
indirect, using dispersion relations together with the assumption that o,; — o, decreases like
7%, v close to 1/2 [13]. One may hope that the situation will be improved if the disagreement
between CDF and E710 on the total cross-section [14] is resolved and if sufficiently accurate
and trustable measurements of p, the ratio of the real part to the imaginary part in the forward
direction are done at the tevatron. Also a measurement of o,, at RHIC would be of a great help
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if sufficiently accurate. But this does not dispense us from making a direct measurement of or
at the LHC, trying to answer the question whether the Froissart-Martin bound is qualitatively
saturated, at an energy where one can distinguish different powers of log, and testing dispersion
relations which is something absolutely crucial as we shall see later. The non-saturation of
the Froissart bound would constitute, to my own eyes, a miraculous dynamical cancellation
extremely interesting. As for the measurement of p, at LHC, it would be of a great value, if one
corrects for the almost unavoidable variation of p(s,t) as a function of the momentum transfer
that I predicted recently because of the occurrence of a zero of the real part [15]. This zero, in
most models, is fortunately sufficiently far away from the interference region.

Next comes the diffraction peak for which one predicts an increasing slope with energy.
In presently available data, Nicolescu and his friends see indications of oscillations which
should necessarily occur at asymptotic energies if the Froissart-Martin bound is saturated [16].
Whether they do occur now or constitute an artifact due to systematic errors is unclear, but
one should certainly look for that at the LHC, and if they do, it would be “new physics of
the second kind”, i.e., an unexpected phenomenon which may nevertheless have its explanation
inside the Standard Model (like high T, superconductors for whom we believe that an expla-
nation will be found some day within the framework of ordinary forces and ordinary quantum
mechanics). A careful analysis of the diffraction peak might allow to construct the correspond-
ing profile function in impact parameter space and allow to test the recent theory of G. Parisi
[17], according to which, after a plateau of length log s, one has a tail of width (log s)'/3.

Next, but interrelated because elastic scattering is dominated by the diffraction peak, comes
the ratio of elastic to total cross-sections. It is known that in the ISR range, this ratio seemed to
be constant, independent of energy, a fact which suggests a regime of “geometrical scaling”, but
that the SPPS and Tevatron data indicate that it is rising. This is in complete agreement with
the model of Wu and collaborators [7], Kaidalov-Ter Martyrosian [9] and Donnachie-Landshoff
[8] who have an effective Pomeron intercept above unity. The asymptotic prediction of Wu
and collaborators is that o, /or — 1/2, i.e., that the proton becomes a black disk (with radius
increasing like log s). Though this is very remote, the trend is predicted to be visible at LHC,
with a predicted ratio oo /or ~ 0.28 [1] to be compared to 0.215 at the SPPS, and, taking a
questionable average of E710 and CDF, 0.244 at the Tevatron.

Next we come to the dip-shoulder region. At the ISR a beautiful dip was observed in pp
collisions, moving towards ¢ = 0 as energy increases with an average location at t = —1.2 GeV?.
In pp collisions, limited experimental evidence seemed to indicate that the dip was replaced by a
shoulder, and it seemed also the case at the SPPS. Wu and collaborators predict a continuously
moving dip [7], while Donnachie and Landshoff [5] predict a deeper dip for pp and a shoulder
for pp because in their model, they have a kind of weak odderon due to three gluon exchange.
The LHC, with its very high luminosity, is an ideal instrument to study this region where the
counting rate is normally low. One could even see secondary structures that no other machine
could get, and study the energy dependence of very large momentum transfer scattering.

In summary, there is a list of very interesting observations to make at the LHC.

Now I would like to turn to tests of dispersion relations and possible new physics. The
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tests of dispersion relations will be much more severe if o1 and hopefully p are measured at the
LHC, but also if the accuracy of measurements at presently accessible energies is improved. It
is regrettable that it will be impossible to switch from pp to pp to test the asssumption — about
which Nicolescu and collaborators [18] raised some doubt - that the cross-section differences
become negligible at high energy. This would have been technically feasible according to CERN
engineers, but is financially impossible. New results on the pp cross-section from RHIC might
allow a comparison between pp and pp at a lower energy.

Now, what comes into a dispersion relation is the fact that

i) the scattering amplitude is analytic in a twice cut plane,

i) in the complex plane it is polynomially bounded [19]. In fact the number of subtractions
is at most 2 [20].

1) and ii) have been derived from the axioms of local field theory. Most theoreticians agree
that even if the theory was not strictly local, i.e., if there was in some way a fundamental
length (I exclude the Planck length, too small to bother us at 14 TeV), i) would survive but
i), i.e., the polynomial boundedness, might disappear. Following Nick Khuri in his La Thuile
and Blois talks of 1994-95 [3], there could be a fundamental length R, and if so, dispersion
relations should be altered by putting in a convergence factor which would mix the real and
imaginary parts of the amplitude. Then, quite sizeable deviations from “normal” dispersion
relations could appear, in fact may be already at the Tevatron. Such a fundamental length
could come from some extra internal compact dimensions, like in the Model of Antoniadis et al.
[21], where it is responsible for the breakdown of supersymmetry. Another completely different
origin for a fundamental length would be the one proposed by Julius Wess [4]. If quantum
groups play a role in particle physics they will lead to a discretisation of space and hence,
again, a fundamental length. As pointed out by Nick Khuri, it would be possible for the first
time to see distances smaller than those obtained from precise QED tests.

In conclusion, testing dispersion relations at the LHC might be much more than a routine
check, but may come out on something big. In my opinion, the outcome of the test is infinitely
less predictable than that of the one consisting in comparing the energy levels of hydrogen and
antihydrogen, in which TCP and therefore also locality is tested (an approved experiment!).
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