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Abstract. Placing detectors in the TAS magnet shield will extend the calori-
metric measurements of CMS (an experiment at the LHC) out to an � of 7.7.
The detectors consist of quartz �bers located 1.3 nuclear interaction lengths in-
side of the TAS. The �Cerenkov light in the quartz is detected by photomultiplier
tubes behind the TAS where they are protected against excessive radiation. If
isolated magnetic monopoles could be made with the LHC they would most
likely be seen in the far forward directions. However, thereis reason to ques-
tion whether their production is possible. Because of theirstrong interaction,
attempts to separate a pole-antipole pair may result in the production of a
second pair resulting in two, magnetically neutral, pole-antipole atoms.
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1. Introduction

For heavy ions at LHC energies, much of the interesting physics occurs at angles
within 1 � of the beam direction ( j � j � 4.7). Figure 1 shows the distribution
of particles and energy as a function of� . The average energy of particles in the
forward direction is much larger than at 90� . A variety of small-x phenomena in
both p-p and heavy-ion reactions can be seen only at far-forward angles, where, at
LHC energies x-values down to 10� 6 are available [1]. Here we will consider only
two items. The �rst item is the extension of the angular coverage of CMS to � =
7.7 by placing detectors in the TAS magnetic shield. The other is a discussion of
magnetic monopoles, which might be expected to be found at far-forward angles.

2. Detector in the TAS

Having the largest possible angular coverage is especiallyvaluable for studies of
di�ractive events in high-energy p-p reactions. This type of event is characterized
by rapidity gaps, angular regions in which there are no reaction products. Ideally,
the experiment should detect particles over the entire sphere. For CMS, a detector
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Fig. 1. Pseudorapidity distribution of charged particles and ener gy for p-p reac-
tions at

p
s = 14 TeV [2]. The energy is in units of TeV.

in the TAS magnet shield will extend the angular coverage to angles extremely close
to the beam line.

It is useful to know that an interaction is di�ractive becaus e then the quantum
numbers of known groups of particles are the same as the original proton. The
simplest example is elastic scattering. In single di�raction one of the protons is
elastically scattered by a small angle while the other breaks up into a number of
particles. With double di�raction both protons give rise to a group of particles
with a rapidity gap between the two groups. During the reaction there are no
quantum numbers (other than those of the vacuum) exchanged between the initial
two protons.

At the designed p-p luminosity, about 270 W of inelastic collision products go o�
at small angles to the beam in the direction of the nearest superconducting magnet,
a quadrupole. This amount of energy is more than enough to quench the magnet.
An absorber, code named TAS, is placed between the IP (interaction point) and
the lens to absorb these high energy particles. The TAS is a 3 ton copper cylinder
of length 1.8 m and diameter 56 cm. Four of these cylinders were made at LBNL,
one for each end of CMS and ATLAS. The secondary radiation from the TAS is
absorbed by a large iron shield, the iron nose, which encloses the TAS, Fig. 2. The
front end of the TAS is 19 m from the IP.

The TAS, including the small diameter beam pipe that runs through it, covers
a 5 to 7.7 pseudorapidity range. When the CASTOR detector is in place it stops all
particles out to � = 6.4. At a distance of 20 cm (1.3 nuclear interactions lengths)
into the TAS there is a perpendicular 20 cm� 20 cm slot available for detectors.
There is also an 18 mm� 46 mm channel on each side of the TAS from the slot to
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Fig. 2. Diagram showing the location of the TAS.

the far end of the TAS for making connections to the detector. A detector placed
inside of the TAS must not only be able to endure high radiation levels but also
temperatures of 250� C for 24 hr whenever a bake out is required for the beam pipe
in the TAS. Quartz �bers are able to endure this di�cult envir onment

Showers produced in the front part of the TAS make�Cerenkov light in sheets of
quartz �bers located in the slot. The �bers are divided left- right and top-bottom.
They are collected into four bundles, two on each side, that run in the channels to
photomultiplier tubes (PMTs) at the rear where they are prot ected from particles
coming from the IP, Fig. 3. The four PMTs are attached to the back of the iron
nose and are carefully shielded from heat and stray magnetic�elds. A current of
dry nitrogen gas 
ows over the PMTs to protect them from heliu m and to help
maintain an acceptable temperature during bake out.

Figure 4 shows the arrangement of �bers in the active region.The �bers have
a quartz core and a doped quartz cladding and are covered witha thin layer of
polyimide to provide mechanical strength [3]. The �bers in the slot are at an angle
of 55� from the beam direction. This is close to the optimum angle for collecting
�Cerenkov light made by showers from particles coming from the IP.
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Fig. 3. Schematic diagram showing the location of the �bers and PMTs in
relation to the TAS and the iron nose.

3. Magnetic Monopoles

In 1931 Dirac showed that a magnetic monopole should have a pole strength (to
be entered into Coulomb's law) of en=2� or 68.5 en where n is an integer taken
here as unity [4]. This make the force between two monopoles (68.5 n)2 times
the force between two electrons. An excellent, and much simpler, presentation of
the argument used by Dirac is given in the textbook by Jackson[5]. A detailed
presentation of the theoretical and experimental status ofmagnetic monopoles, but
with no mention of bound pole-antipole pairs, is given in [6].

Peripheral Pb-Pb collisions at 1144 TeV should provide an excellent environ-
ment for the possible production of magnetic monopoles. Themagnetic �eld midway
between two Pb nuclei passing at a distance of 20 fm is 2� 1020 gauss. The num-
ber of photons available for photon-photon collisions is large and the coupling of
monopoles to the electromagnet �eld is huge. The cross section for photon-photon
collisions is proportional to Z4, and is therefore 4.5� 107 as large as for e+ e� col-
lisions [7]. However, because a lead nucleus is not a point particle, the maximum
energy available is only about 160 GeV. For photon-lead collisions the available
energy goes up to about 940 GeV [7]. Larger amounts of energy would require p-p
or more central heavy-ion reactions.

Because of the large magnetic charge of a pole, it would gain 82 GeV/m in the
4 T magnetic �eld of CMS. Assuming the pole had little initial kinetic energy, it
would be carried down the beam pipe, acquiring considerableenergy in the 13 m
long solenoidal magnet of CMS. It would be de
ected out of thebeam pipe into one
of the far forward detectors by the fringing �eld at the end of the solenoid. The
ionization of a relativistic monopole in matter is about the same as an ion with a Z
of 68.5, however as it slows down it does not have the large Bragg peak characteristic
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Fig. 4. Diagram showing the shape of the quartz �bers inside of the TA S.

of non-relativistic high-Z ions for which capture and loss of electrons is the main
source of energy loss. Most of the forward angle detectors are of the �Cerenkov type.
A monopole would produce 68.52 = 4692 as much light as a singly-charged particle
with the same velocity, but a heavy monopole would have only asmall velocity and
produce no �Cerenkov light.

It may not be possible to produce monopoles with an accelerator. The nature of
the problem can be seen by an elementary calculation. It is expected that the poles
would be massive and produced in pairs, with the wave functions overlapping at
the point of production. From the uncertainty principle the pole-antipole distance
should be of the order of magnitude of the Bohr radius for positronium scaled for
the larger e�ective charge and for the mass. For positronium the ground state
energy divided by mc2 of the participants is E/2mc 2 = ( � /2) 2/2 = 6.7 � 10� 6. For
the magnetic atom each of the four electronic charges in the formula is multiplied
by 1=2� to give (1/8 � )2/2 = 147, implying that in forming the atom from two
separated monopoles the system would radiate away much morethan its initial
energy. Relativistic corrections would increase this value, but vacuum polarization
e�ects might reduce it below unity. It could be expected that if a pole and antipole
were created with su�cient energy to separate them, a corresponding antipole and
pole would be created out of the vacuum, at the expense of a small part of the
kinetic energy. The result would be two receding magnetic atoms, each of which
would self annihilate. For heavy monopoles the annihilation would have enough
energy to produce a wide variety of particles. The two receding monopole atoms
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would then result in back to back jets similar to what is observed in high-energy
collisions.

Ruderman and Zwanziger [8] consider a pole-antipole atom asthe source of a
type of cosmic ray showers consisting of a narrow cone containing dozens of photons
with no charged particles. The photons would be partly from annihilations but
mostly from transitions between magnetic-atom energy levels. The magnetic atoms
would be produced by a high-energy gamma ray. They note that aphoton is more
strongly coupled to the monopole system than to any known hadron. They argue,
as we have, that bound pairs are the most likely state for the created monopoles.
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