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ABSTRACT

The scattering of a non-relativistic quark from a GUT monopole is

affected by the anomalous magnetic moment of the quark. In order that monopole

catalysis of baryon decay can occur, it must he assumed that the anomalous

magnetic moment decreases sufficiently rapidly tielow the QCD scale.

MIRAMABE - TRIESTE

August 1982

* To be submitted for publication.

** Permanent address: Department of Physics, Middle East Technical University,
Ankara, Turkey.

l) 2)

In some very interesting papers Hubakov and, later, Callan have

made the remarkable suggestion that baryon number may be strongly violated in

the presence of grand unified theory (GUT) monopoles. They argue, in particular,

that processes like p + Mon -» e + Mon + pions, etc. are not suppressed by

inverse powers of the unification mass, as one might have naively suspected,

but are expected to proceed with typical strong interaction rates.

The analysis of Refs.l and 2 consists of essentially two parts. The

first part develops a qualitative picture of the GUT monopole in the presence

of light fermions.We will assume that-this part is correct, even though the

picture is not rigorously justified. In this note we wish to take a closer look

at the second part of their analysis, the part that leads to the conclusion that

primordial monopoles catalyse "baryon decay. Here one considers the scattering

of a quark (in the proton) off the monopole. It is argued that this scattering

process violates baryon number with a 100$ probability. If true, this would

itsply monopole catalysis of baryon decay, as suggested in Refs.l and 2. This

part of their discussion, in our opinion, is less well founded and we present

an argument in order to show why. It is based on the property that a quark

acquires an anomalous magnetic moment through radiative corrections. The baryon

number violating amplitude in a scattering involving a low-energy quark and a GUT

monopole crucially depends on the form one assumes for the anomalous magnetic

moment K. In one example (the case where — is assumed to be a constant,

where m is the quark mass), it is seen, following Hef.3, that this amplitude

is heavily suppressed by inverse powers of the unification mass. This

presumably would mean that primordial monopoles, whose velocities are not
-2 h)

ejqpected to much exceed 10 c , do not catalyze baryon decay. However,

it is conceivable that — decreases sufficiently rapidly with distance
m

below the (JCD scale. Monopole catalysis of baryon decay would presumably

then occur.

Let us start by briefly reminding the reader about the fundamental

monopole ' of the SU(5) model, which we choose aa a specific example. With-

out fermions it is a 't Hooft-Polyakov magnetic monopole with one Dirac unit

of magnetic charge living in an SU(2) subgroup of SU(5) with the 5 = 1+1+2+1

embedding. It consists of a core of size Mjj.1 (M^ is the grand unification mass)

inside which all gauge boson degrees of freedom are excited and the SU(5) gauge

symmetry is exact. Outside this core the 2k Higgs acquires quickly its SU(5)

breaking expectation value and the exact gauge symmetry is SU (3)<» SU,r{2) ® Uv(l).

The SU(2) in which the monopole lives is broken down to a U(l) which is a

combination of the colour hypercharge, the weak isospin and the weak hypercharge.
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Up t o d i s t ances of order IJ^1 (M,rf = 100 Gev) the 211^(2) x U y ( l ) breaking

Biggs . 5-plet has e s s e n t i a l l y zero expectat ion va lue , hut tieyond t h i s

dis tance i t s non-zero vacuum expectat ion value breaks SU (2) x u ( l ) down to
W X

11^(1}. The U(l) associated vith the raonopole remains exact. Outside the 5-

plet core only colour magnetic and ordinary magnetic fields survive. It is

believed that due to colour confinement, the colour magnetic field is screened

beyond distances of order A~ , the QCD scale.

By including the fermions, the monopole acquires an even richer structure.

Indeed, a condensate possessing baryon and lepton number violating properties

surrounds the monopole (to distances of order m , where a is some light
f f o \fermion mass), and makes i t a state of indefinite baryon and lepton number 8)

Thus, baryon (lepton) number violating processes can occur when the monopole

undergoes interactions with external particles. The computation leading to this

picture rests on the fact that the J = 0 solution of the Dirac equation in

the field of an Abelian monopole has a non-vanishing radial component at the

origin where the core of the monopole is located. This allows the reduction

of a four-dimensional problem to a two-dimensional one.

The non-vanishing at the origin of the radial component of the wave

function of a Dirac particle in the field of a monopole need no longer hold

once the fermion acquires an anomalous magnetic moment. As an extreme case,

suppose that one assigns to the quark an anomalous magnetic moment K that

is independent of its separation from the monopole core. This effect can be

taken into account by adding a term

to the Dirac Hamiltonian. Here q = Qg, where g is the monopole magnetic

charge and Q the fermion charge under the unbroken LT(l) of the monopole. a

are the Paull matrices and & is diagonal with two elements equal to +1 and

two equal to -1. For J = 0, |qj = ^ and the Dirac wave function of energy E

is of the form
3)

f(r)

-s(r) V J

with nv Tunctions only of the angles. We set

f(r) =

Then

dG
dr

dp
dr

L

f isal
L 2mf

r
As r -*• 0, -i •*• -1 and F ~ const exp j - iz~^~ I • Therefore, the quark

1 [_ <̂ mj.r J

never reaches the origin. As a measure of the deflection from the

origin we can compute the ratio of the probabilities that the fermion is found

inside a sphere of radius tO- and a sphere of radius fit • This ratio Is

approximately

S e xJ_ iSal („ - M l~i
4 L "V

which is a vanishingly small number.

In the following we will assume that, although the computation

leading to the extended picture of the monopole is not rigorously justified,

the chiral condensate does form and we will go on to compute the suppression

factor, say, for the process

u + Mon + d + Mon + e

due to the non-vanishing of

process is

K . The appropriate form of the condensate for this

mrr

by dimensional analysis. We multiply it with a dimensional quantity D and

interpret the squared modulus of its product with the wave function of a. J - 0

incoming u quark as a probability density that it will be transformed to
— — +- i • 2
u d e . He will determine |CD| by requiring that the squared modulus of the
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condensate's product with the J - 0 wave function of the quark Integrated over

the whole space, in the limit K -* 0 ,, be of order 1. This Is consistent vith

Rubakov's and Callan's assumptions. For on order of magnitude estimate the
angular dependences are Inessential. The radial wave function of the J = 0 wave

1/2in the K •+ 0 limit behaves roughly as f <v m / r (we renormaliae i t suph

that \ s dr | f |2r2~l) . We ask that

Therefore
- 1

With this normalization the suppression factor we are looking for is

c'f1 I2) r2 dr

The scale A* is determined by demanding that the exponent of the wave function

for J = 0, K = 0 be of order 1. This gives A «.mf/1ica| • Then

I~ s- l l l

For K v l O a, we see that the baryon number violating amplitude is heavily

suppressed.

The naive computation above is not expected to make much sense since

quarks are confined inside an incoming baryon and the behaviour of the

"effective" anomalous magnetic cioment that should be ascribed to the quarks

•is not really known. However, if one assumes that the ratio — is in-
mf

dependent of r for distances for which the one-particle Dirac Hamiltonian

can be used, the baryon number violating amplitude in nuark-monopole

scattering would still be suppressed. To avoid this conclusion one needs

to ensure that the quark penetrates deep inside the monopole. One way of

achieving this is the adoption of an appropriate r dependence of the -—

ratio. Whether this possibility actually is realized remains to be seen.

To conclude, the possibility that magnetic monopoles catalyze baryon

decay is very tantalizing. However, more theoretical work is necessary before

one can te sure that this is indeed what happens. In the meantime,

experimentalists are urged to be on the lookout for unusual tracks in their

proton decay detectors.

ACKNOWLEDGMENTS

We thank .R» Jengo, M. Magg and Abdus fialam for

discussions. Two of us (N. Pak.and C. Panagiotakopoulos) would l ike to

thank Professor Abdus Salam, the International Atomic Energy Agency and

UHESCG for hospitality at the International Centre for Theoretical Physics,

Trieste.

1)

2)

3)

h)

5)

6)

T)

3)

REFERENCES

V. Rubakov, Paper presented at the 21st Itttei"national Conference on

High Energy .P.hysi,cs, Paris, 26-31 July 1982 and references, therein.

C. Callan, Paper presented at the ; .21st .International Conference on

High Energy Physics, Paris, 26-31 July 1982.

Y. Kazama, A.S. Goldhaber and C.H. iang, Phys. Rev. Dl£, 2267 (197T).

G. Lazarides, Q. Shafi and T. Walsh, Phys. Lett. 100B, £1 (1981);

S. Glashow, Scottish Univ. Sumer School Lectures (19B0).

M. Daniel, G. Lazarides and Q. Shafi, Hucl. Phys. B1T0 [FSl], 156 (1980);

V.H. Romanov, V.A. Fateev and A.S. Schwarz, Yad. F i l . 32., 1138 (1980).

C. Dokos and T. Tomaras, Phys. Rev. D21, 29UO (1980).

G. ' t Hooft, Nucl. Phys. BJ^, 2T6 (19T1*)',
A.M. Polyakov, Zh. ETF Pisma 20., 1(30 [l9jh).

Hefs.l and 2 and also F. Wilczek, Phys. Rev. Lett. U8. lll»6 (1982).

-6-



CURRBHT ICTP PUBLICATIONS AIID INTERNAL REPORTS

IC/82/63 M.S. CRAIGIE, V.K. DOBREV and I.T. TODOROV - Conformal techniques for OPE
in asymptotically free quantum field theory.

IC/82/64 A. FRYDRYSZ.AK and J, LUKIERSKI - H = 2 massive matter multiplet from
quantization of extended classical mechanics.

IC/82/65 TAHIR ABBAS - Study of the atomic ordering in the alloys NI-IR using
diffuse X-ray scattering and pseudopotentials.

IC/82/66 B.C. NJAU - An analytic examination of distortions In power spectra due
IHT.REP.* to sampling errors.

IC/82/67 E.G. HJAU - Power estimation on sinusoids mounted upon D.C. background:
INT.REP.* Conditional problems.

IC/82/68 E.G. NJAU - Distortions in power spectra of signals with short components.
INT.REP.*

IC/82/69 E.C. NJAU - Distortions in two- and three-dimensional power spectra.
INT.REP.*

IC/82/70 L. SCHWARTZ and A. PAJA - A note on the electrical conductivity of
disordered alloys in the muffin-tin model.

1C/82/71 D.G. FAKIROV - Mass and form factor effects in spectrum and width of the
INT.REP.* semi-leptonic decays of charmed mesons.

IC/82/72 T. MISHONOV and T, SARIISKY - Acoustic plasma waves in inversion layers
INT.REP.* and sandwich structures.

IC/82/73 T. MISHINOV - An exactly averaged conductivity in a disordered electronic
IHT.REP. model.

IC/82/7^ S.M. MUJIBUR RAHMAN - Structural energetics of noble metals.

IC/62/75 E. SEZGIN and P, van NIEUWENHUIZEN - Ultraviolet finiteness of N = 8
supergravity, spontaneously broken by dimensional reduction.

IC/82/76 JERZY RAYSKI and JACEK RAYSKI, Jr. - On a fusion of supersymmetries with
gauge theories.

IC/82/77 A. BOKHARI and A. QADIK - A prescription for n-dimensional vierbeins.
INT.REP.*

IC/62/78 A. QADIR and J. QUAMAR - RelativistiC generalization of the Newtonian force.
INT.REP.*

IC/82/79 B.E. BAAQUIE - Evolution kernel for the Dirac field,

IC/82/8O S. RAJPOOT AND J.G. TAYLOR - Broken supersymmetries in high-energy physics.

IC/82/81 JAE HYUNG YEE - Photon propagators at finite temperature.

IC/82/82 S.M. MUJIBUR RAHMAN - Roles of electrons-per-atom ratio on the structural
INT.REP.* stability of certain binary alloys.

IC/82/83 D.K. SRIVASTAVA - Geometrical relations for potentials obtained by folding
IHT.REP.* density dependent interactions.

IC/82/8^ C.A. MAJID - Glass forming tendencies of chalcogenides of the system
INT.REP.* (As Se ) : (Tl Se)

IC/82/85 C.A. MAJD - Surface photoconductivity in amorphous As Re .
INT.REP.* Z 3

THESE PREPRINTS ARE AVAILABLE FROM THE PUBLICATIONS OFFICE, ICTP, P.O. Box 586,
I-31+100 TRIESTE, ITALY.

IC/82/86 FAHEEM HUSSAIK and A. QADIR - Quantization in rotating co-ordinates revisited.

IC/82/87 G. MUKHOPADHYAY and S. LUNDQVIST - The dipolar plasmon modes of a small
IHT.REP.* metallic sphere.

IC/82/88 A.P. BAKULEV, N.N. EOGOLIUBOV, Jr. and A.M. KURBATOV - The generalized Mayer
theorem in the approximating Hamiltonian method.

IC/82/89 R.M. MOHAPATRA and G. SENJANOVIC - Spontaneous breaking of global B-L symmetry
and matter-anti-matter oscillations in grand unified theories,

IC/82/90 PRABODH-SHUKLA - A microscopic model of the glass transition and the glassy
state.

IC/82/91 WAHG KE-LIH - A new vacuum structure, background strength and confinement.

IC/82/92 G.A. CHRISTOS - Anomaly extraction from the path integral.
IHT.REP.*

IC/82/93 V. ALDAYA and J.A. DE AZCARRAGA - Supergroup extensions: from central charges
to quantization through relativistic wave equations.

IC/82/91* ABDUS SALAM and E. SEZGIN - Maximal extended supergravity theory in seven
dimens ions,

IC/82/95 G. SEHJANOVIC and A. SOKOHAC - Observable neutron-antineutron oscillations
in 30(10) theory.

IC/82/96 Li TA-tsein and SHI Jia-hong - Global solvability in the whole space for a
INT.REP. class of first order quasillnear hyperbolic systems.

IC/82/97 X. FUJIMOTO and ZHAO Zhi Yong - Avoiding domain wall problem in S U { N )
IHT.REP.* grand unified, theories.

IC/82/98 K.G. AKDENIZ, M. ARIK, M. HORTACSU and M.K. PAK - Gauge bosons a3 composites
INT.REP.• of fermions.

IC/82/IOO M.H. SAFFOURI - Treatment of Cerenkov radiation from electric and magnetic
charges in dispersive and dissipative media.

lC/82/101 M. OZER - Precocious unification in simple GUTs.

IC/82/102 A.H. ERMILOV, A.N. KIREEV and A.M. KURBATOV - Random spin systems with
arbitrary distributions of coupling constants and external fields.
Variational approach.

IC/8E/1O3 K.H. KHANNA - Landau's parameters and thermodynamic properties of liquid He II.

IC/82/lOU H. PUSZKARSKI - Effect of surface parameter on interband surface mode
INT.REP. frequencies of finite diatomic chain.

IC/82/105 S. CECOTTI and L. GIRARDELLO - Local Hicolai mappings in extended supersymmetry.

IC/82/106 K.G. AKDEHIZ, M. ARIK, M. DURGUT, M. HORTACSU, S. KAPTANOGLU and N,K. PAK -
INT.REP.* Quantization of a conformal invariant pure spinor model.

IC/82/107 A.M. KURBATOV and D.P. SANKOVIC - On one generalization of the Fokker-Plancit.
INT.REP. equation.

IC/82/IO8 G. SENJANOVIC - Necessity of intermediate mass scales in grand unified
theories with spontaneously broken CP invariance.

IC/82/109 NOOR MOHAMMAD - Algebra of pseudo-differential operators over C*-algebra.
INT.REP.*

IC/82/111 M. DURGUT and U.K. PAK - 3U(H)-QCD£ meson equation in next-to-leading order.

IC/82/112 O.P. KATYAL and K.M. KHAHHA - Transverse magneto-resistance and Hall
INT.REP.* resistivity in Cd and its dilute alloys.

IC/82/113 P. RACZKA, JR. - On the class of simple solutions of SU(2) Yang-Mills
IHT.REP,* equations.



IC/82/11.1* G. LA2ARIDES and Q, SHAJI - Supersymmetrie GUTs and cosmology.

IC/&2/115 B.K. SHARMA and M. TOMAK - Colnpton profiles of some k& transition metals.

IC/82/116 M.D. MAIA - Mass splitting induced by gravitation.

IC/82/117 PARTHA GHOSE - An approach to gauge hierarchy in the minimal 30(5) model
of grand unification.

IC/82/118 PARTHA GHOSE - Scalar loops and the Higgs mass in the Salan-Weinberg-
Glashov model.

IC/82/119 A. QADIR - The question of an upper bound on entropy.
INT.REP.*

IC/82/122 C.W. LUNG and L.Y. XIONG - The dislocation distribution function in the
plastic zone at a crack tip.

IC/82/12U BAYANI I. RAMIREZ - A view of bond formation in terms of electron momentum
INT.REP.* distributions.

IC/82/127 M.N. COHAN and M. WEISMANN - Phasons and amplitudons in one dimensional
INT.REP.* incommensurate systems.

IC/82/128 M. TOMAK - The electron ionized donor recombination in semiconductors.
INT.REP.*

IC/82/129 S.P. TEWARI - High temperature superconducting of a. Chevrel phase ternary
INT.REP.1* compound.

IC/82/130 LI XIHZ HOU, WANG KELIN and ZHANG JIAMZU - Light spinor monopole.

IC/82/131
INT.REP.*

IC/82/132
I»T.REP.•

ic/8a/i33

IC/82/131*

C.A. MAJID - Thermal analysis of chalcogenides glasses of the system
( ) )(As£ Se) x

K.M. KHANNA and S. CHAUBA SINGH - Radial distribution function and second
virial coefficient for interacting bosons.

A, QADIR - Massive neutrinos in astrophysics.

H.B. GHASSIB and S. CHATTERJEE - On bacH flow ill two and three dimensions.

IC/82/13T
INT.REP.*

IC/8S/138
INT.REP.*

IC/82/lliO

IC/82/1U2
INT.REP.•

IC/62/Ht3

IC/82/HtU
INTLREP.*

IC/82/ll(6

IC/82/lltT
INT.REP.*

IC/S2/U8
IHT.REP.*

M.Tf.M. HASSAN, A. RABIE and E.H. ISMAIL - Binding energy calculations using
the molecular orbital wave function.

A. BREZIHI - Eigenfunctions in disordered systems near the mobility edge.

Y. FUJIMOTO, K. SHIGEMOTO and ZHAO ZHIlfONG - No domain wall problem in
SU(N) grand unified theory.

G.A. CHRISTOS - Trivial solution to the domain wall problem.

IKT.REP.*

S. CHAKBABARTI and A.H. HAYYAR - On stability of soliton solution in
type general field model.

S. CHAKRABARTI - The stability analysis of non-topological solitons in
gauge theory and in electrodynamics.

S.U. RAM and C.P, SINGH - Hadronic couplings of open beauty states.

DAYAHI I. RAMIREZ - Elctron momentum distributions of the first-row
hononuclear diatomic molecules, A .

A.K. MAJUMDAR - Correlation between magnetoresistance and magnetization in
Ag Mn and Au Mn spin glasses.

E.A. SAAD, S.k. El WAKIL, M.H. HAGGAG and H.M. MACHALI - Pade approximant
for Charidrasekhar H function.

S.A. El WAKIL, M.T. ATIA, E.A..SAAD and A. HEUDI - Particle transfer in
rruiltiregion. k̂




