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Hosble nogxons! K NOUCKY M THUTHOTO MOHonomid Jup x

ITpenn r 10Tcd He NMpUMEHABLIMECS P Hee TPU MOAXOA K MOMCKY MoHomouns [du-
p K — 0ODBeKT , CyLIecTBOB HHe KoToporo Obuto mpemtoxeHo II.[Tup koM Gomee
80 ner H 3 ;1 i OODBACHEHUS KB HTOB HHUS BJIEKTPUYECKOIO 3 AL .

[MepBolii cnoco® HMCHONB3YeT YCKOPEHHE MOHOIIONS M THUTHBIM IIOJIEM, IMpUYEM
9TO YCKOPEHUE IOCTOSHHO, €CJIM M THUTHOE I10JIe OJHOPOJHO U MOCTOSHHO. M3Mepss
BpeMs ITPOXOXIEeHUs OOBEKT 4Yepe3 ®KBUIMCT HTHBIE PErHMCTPUPYIOLINE IJIOCKOCTH,
MOXKHO cliell Th 3 KJIIOUEHHE O X P KTepe ero ABUXKEHUs.

Bropoii croco6 mpeanon r er BOCCT H BIMB Thb TP €KTOPHIO ABMXEHHS B Of-
HOPOJHOM U MOCTOSIHHOM 3JIEKTPHYECKOM I10jI€, KOTOpP S TONBKO IJIsI M THUTHOTO
MOHOIIOJISl IOJIXKH IPEJICT BJISITh COOOI0 OKPYXHOCTb MIIU €€ Y CTb.

Tperuii criocod 0CHOB H H IIOCTOSIHCTBE IIOTE€Ph dHEPrUU MOHoMoeM Iup K H
HOHU3 IIMI0 B MHOTOCJIOMHBIX II CCUBHBIX AUDJIEKTPUYECKUX TPEKOBBIX JETEKTOP X,
MOMELIEHHBIX B IMOCTOSHHOE 3JIEKTPUYECKOE MOJIE.

P Gor Beimonuen BJI Gop Topum u3MKH BhICOKUX dHepruii uM. B. . Bekciep
u A.M. b niun  OMAUN.
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New Approaches for Searching for the Dirac Magnetic Monopole

Three new approaches, not applied earlier, are proposed to search for the Dirac
monopole — an object whose existence was proposed by P. Dirac more than 80
years ago to explain the electrical charge quantization.

The first approach assumes that the monopole must be accelerated by a magnetic
field, and such acceleration is constant in the magnetic field which is homogeneous
and constant. The conclusion about the object movement nature can be drawn by
measuring the time marks for equidistant registering planes.

The second approach is supposed to reconstruct the movement trajectory in the
homogeneous and permanent electrical field, which is the circle or its part for the
magnetic monopole.

The third approach is based on the constancy of energy losses by Dirac monopole
due to medium ionization in the multilayer passive dielectric tracking detectors placed
in the homogeneous and permanent electrical field.

The investigation has been performed at the Veksler and Baldin Laboratory of
High Energy Physics, JINR.
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In 1931, P. A. M. Dirac published the paper entitled «Quantized singularities
in the electromagnetic field» [1]. That paper offered the theory which restored
the symmetry between electricity and magnetism and allowed the existence of
isolated magnetic poles, whose charge must be quantized.

The quantized magnetic charge g,, is related to the electric charge e by the
expression, which includes the universal constants & (the Planck constant) and ¢
(the speed of light in vacuum)
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where n = £1,42,.... From this relation, it follows that a value of monopole
magnetic charge is g,, = 68.5ne. The theory contains no predictions about the
mass of a monopole. If one suggests the equality of the classical radii of a
monopole and an electron 7o = €2/(me - ¢?) = g2,/(M,, - ¢*), where m, is the
mass of electron, then the Dirac monopole mass M,,, = 2.4 GeV. The symmetry
of the Maxwell equations gives an opportunity to assume that the monopole
moving in the electromagnetic field is influenced by the action of the Lorentz
force:
F = gnH+gm/c[V x E],

where H is a vector of the magnetic field intensity, V is a vector of a monopole
velocity, and E is a vector of the electric field intensity. Let a monopole with
charge g,, moves in constant and homogeneous magnetic field H along the field
lines. After passing distance L, its energy increases by

AT = g,,(HL).

So the energy increment of a monopole with a unit charge in the field of
1 kGs on the 1-cm distance will be equal to 20.55 MeV [2].

The majority of experiments aimed at searching for the Dirac monopole
was based upon the assumption of its high ionization capability. The specific
ionization of a medium by a relativistic monopole with a unit magnetic charge
would be about 8 GeV/(g/cm?); the energy losses of monopole in materials used
in experimental physics such as aluminum, iron, copper, lead, and tungsten would
range, respectively, from 20 GeV/cm up to 120 GeV/cm [2].

As for the technique of searching for the Dirac monopole, the experiments
on accelerators can be divided into 4 groups. The biggest number of studies has



been performed using nuclear tracking detectors, where strongly ionizing objects
produce damages, which allows the tracks of particles to be reconstructed after the
etching procedure using a microscope. In the comparable number of experiments,
scintillation counters have been used. Only a few experiments applied nuclear
photoemulsions or induction coils.

The general outcome of the searches was the restrictions on the monopole
masses and on the production cross sections in the reactions with various inter-
acting particles and at various energies [3].

We propose to experimentally establish the presence or absence of the char-
acteristics of the movement, which are inherent exclusively to the objects carrying
the Dirac magnetic charge:

a) the acceleration of the monopole in the magnetic field along magnetic
force lines;

b) the movement trajectory of the monopole in the electrostatic field has to
be a circle (or its part) in the plane perpendicular to the field strength vector;

c) the constancy of medium ionization by the Dirac monopole [2].

The discovery of any of those characteristics will indicate that the Dirac
monopole exists.

Consider these suggestions one by one.

In case a), let us discuss the following scheme of the experiment. Three thin
parallel registering planes positioned at the same distance from each other supply
the time marks when a particle is crossing the given counter. Let us put this struc-
ture in constant and homogeneous magnetic field H directed perpendicularly to
the registering planes. Let the magnetic monopole with charge g,, and mass M,
move along the magnetic force lines with a constant acceleration a = g,,, H/M,,,.
Measuring the crossing times of the registering planes (¢;, ¢ = 1,2, 3), knowing
the distances between those planes, and supposing that the monopole moves with
constant acceleration, we can calculate the value of acceleration by using the
kinematic formulae. Let us take the time resolution to be 100 ps for counting
planes. Then, already for the 3-m distance (the time of flight of about 10 ns),
one can reliably establish the fact of the acceleration of the Dirac monopole in
the moderate magnetic field of 3-5 T for the range of monopole masses up to
1 TeV and for a wide range of velocities.

The issue of the background load of the apparatus must be studied by the
Monte Carlo method. Electrically charged particles produced at the same interac-
tion as monopoles (or produced under different interactions, but passing through
the apparatus together with the monopole), may be an accidental mimic of the
monopole trajectory. However, we believe that the reconstruction of particle tra-
jectories in a set-up with excellent space resolution together with the measurement
of the time instants when the object crosses the counting planes, will completely
remove the problem of background.



In case b), the trajectory of the monopole in a homogeneous electrostatic
field must be a circle (or its part) in the plane, which is perpendicular to the field
intensity vector. Let us estimate the needed electrostatic field for the trajectory
radius R = 1 m. The calculations have shown that, for a monopole with minimal
magnetic charge and mass M = 3 GeV, the electrostatic field intensity must be
equal to F = 4.4-10° V/m for the velocity V = 0.01c and to E = 4.4-10° V/m
for V' = 0.1c. The choice of detectors for the set-up to realize the idea of using
a homogeneous electrostatic field requires an additional consideration. The size
of a set-up, as is seen from the presented estimation, is quite feasible.

Case c) can be realized by means of thin (about 100 pm thick) foils of mylar,
lexan, and cellulose nitrate, which can be assembled as a multilayer cylindrical
structure with of about 2 cm thickness along the radius. Inside a hollow cylinder
a target can be positioned or two counter beams collide. This detector, being
put into the homogeneous electrostatic field, will allow one to determine not only
the characteristic features of ionization losses along the object trajectory, but also
the curvature radius of a trajectory for a relatively slow (V' < 0.01c) magnetic
charge. The handling of the irradiated detectors is going within the standard
etching scheme of nuclear tracking detectors. Applying the electrostatic field
gives a new quality to the search experiments based on the supposed constancy
of the ionization of media by the Dirac monopole.

It may be said for sure that every accelerator in the world included the exper-
iments to search for the Dirac monopole. We intend to prepare the proposal of a
specific experiment based on the above-presented properties of moving magnetic
objects in a magnetic or electrical field or in a solid. The experiment can be
carried out at the accelerator complex of heavy ions Nuclotron—-NIKA of LHEP,
JINR (Dubna) and/or at LHC of CERN, as well.
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