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CLASSICAL AXION FIELD CONFIGURATION
INTERACTING WITH AN ELECTRICALLY AND
MAGNETICALLY CHARGED STRING

(A MECHANISM TO GENERATE THE DARK MATTER IN GALAXIES)

WOLF, C.,"Y North Adams

The n_no.io and magnetic fields surrounding an axion string left behind after a
phase transition in the early universe are calculated. The string attains its electrical
charge by a mechanism suggested by Sikivie and its magnetic charge from mo-
:omo_ow created near the G.U.T. phase transition. It is speculated that if two such
ﬁ.::.mm with opposite charges come in contact their fields can relax to yield a matter
distribution consistent with that found in the dark matter abounding in galactic arms.
The electromagnetic fields annihilating give up their energy to massive particles we

know as axions that were postulated to eliminate strong CP violations in Q. C. D. by
the P. Q. mechanism.

L. INTRODUCTION

. One Q, the most puzzling and paradoxical facts of observational astrophysics
is the existence of dark matter in the galactic arms [1]. Depending on the model
used and the restrictions imposed by the spatial curvature various galactic

mmsom_a and superpancake structures are found possible to form. For Emﬂmsoou
if one uses neutrinos for the particle content and 1 = | (4 = ratio of density Hm
critical density), pancakes can form but galaxies and superpancakes cannot. If
one uses vmnwosm with 4 = | all three structures can form. In fact, various other
possibilities are possible depending on the particle content and the value of A

[2] (a pancake here refers to a cluster of galaxies and a superpancake refers Hm
a m:nnao_zmannv. The fact that the velocity curves for the galactic arm are not
consistent with the predictions for the density based on the luminosity variation
with r indicates that there is a large fraction, (perhaps 90%) of dark nonlumi-
nous matter in the galactic arms. Whether it is in the form of neutrinos, baryons,
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cold matter or perhaps axions, it seems at this point to be a completely open
question. The scenario adopted in this note is that if an electrically and magnet-
ically charged string forms, [3] the electromagnetic energy given up upon anni-

hilation with an oppositely charged string can give a — distribution of matter

x
sufficient to form the dark matter of galaxies if the EM energy relaxes into
energy of massive particles. Such a mechanism would be in harmony with the
observation that galaxies seem to be found along these string-like filamentary
structures [4].

II. THE ELECTROMAGNETIC FIELDS OF A STRING

The appearance of the axion in particle theory was motivated by the recog-
nition on the part of Peccei and Quinn [5, 6], that because of instanton or
pseudo particle solutions, Q.C. D. takes on a non-trivial topological vacuum
structure with the strong CP violating term induced through instanton effects.
Peccei and Quinn suggested that if a chiral U(1) invariance existed in the
Lagrangian of the scalar and quark fields, this strong CP violating term could
be rotated away through the global chiral U(l) symmetry. However, when the
U(1)p.q. (Peccei Quinn symmetry) is broken, a slightly massive pseudo-scalar
appears which we call the axion. M. Dine, et al. [7] have discussed a variant
of the axion model with two Higgs doublets and a singlet and has pointed out
that the coupling of the axion must be very weak to matter so as not to deplete
the thermal energy of red giant stars. They also point out that if the axion decays
after recombination, it will generate an observable distortion of the microwave
background. Also M. B. Wise at al. [8] have discussed the emergence of the
axion from an SU(5) model with the coupling constant to matter and the axion
mass being generated by the inverse V. E. V. of the Higgs field that breaks SU(5)
down to SU(3) X SU(2) X U(1), their analysis leads to extremely small couplings
and mass for the axion and thus it becomes essentially invisible.

The breaking of the Peccei Quinn symmetry, along with the acquistion of a
dynamical mass via a Q.C.D. instanton effect after the electroweak phase
transition gives the following expression for the low energy Lagrangian for
electromagnetism interacting with axions [9, 10]
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a = axion field, F
Where e? = ¢2sin> @°, N = number of vacuum of axion model, a = axion field,
m, is axion mass, V = V.E.V. that breaks the P.Q. symmetry, ®° = electroweak
angle at G.U.M. scale, ¢ = gauge coupling of Q.C.D., O, = Oyp at G.UM,,
T is period of @ = 21 for Q.C.D. and SU(5)as a G.U.T. group. Suppose we
consider Equation (1) as a Lagrangian with given E, B and use it to calculate
a. We suppose that a string has been left behind after the P.Q. breaking
mechanism and it attains an electric charge by the mechanism of Sikivie in the
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Now y,, ,, are determined by the electric and magnetic charge density per unit
length of string. The equation for a from Equation (1) is
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is the equation for the axion field. Equation (5) represent the progression of the
axion field away from the string of electric and magnetic charge and we seek to
find out what the distribution of the axion field energy density would be in the
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w = E.M field tensor, 8. = cylindrically symmetric metric, also.

presence of the electrically and magnetically charged string. To solve the nonho-
mogeneous part of Equation (5), that is the axion component generated by the
electric and magnetic fields we have
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Substituting Equation (7) into Equation (6) we have
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equating the coefficients of various powers to zero we have.
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We see that the axion component rapidly decreases outside the string, for the

total energy density of the composite system of electromagnetism and axion field
we have from the Lagrangian Equation (1)
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s 1 .
where all terms due to the axion component decrease as = or faster. It is clear

~.
L]

that Equation (10) gives a dominant - dependence of the total energy density

x
with negligible contribution due to the axion field. Both Zeldovich [1] and
Vilenkin [12] have pointed out that strings created near phase transitions
in the early universe will produce density fluctuations if the strings have motion
either through cosmic expansion or perhaps through local gravitational forces
generated by slight inhomogeneities in the matter distribution. If two of the
above type strings with opposite electric and magnetic charge became subject to
this motion and collide, they would annialate their E M fields and convert the
E M energy into massive axions with energy density proportional to 1/r?
producing a significant component of the matter distribution surrounding the
newly formed galatic structures when the density fluctuations grow. The motion
and collision process might occur at appropriate scales to produce the observ-
able 1/r’ distribution of dark matter which, in this case would be in the form of
axions.

It is understood here that it is possible that not all the matter in the galactic
structure is in the form of axions. It is well known that a distribution of massive
baryons would yield a 1/r? distribution upon “violent relaxation”. However, an
additional component here is needed in order to account for the velocity curves
and the observed luminosity. The scenario here suggested would have to be
investigated from the point of view of stability to see if the field configuration
is stable to small perturbations. If it were, it would be a viable candidate for the
missing mass, if it is not it would suggest the configuration would just disperse
and not provide a model for the missing mass. Actually the interest in the axion
as a possible source in the formation of galaxies came from the observation of
Vilenkin [13] that the phase of the vacuum expectation value of a complex
scalar field should vary over different regions in the universe when the regions
are causally disconnected, this variation of the phase, or variation of the
Goldstone field would cause density fluctuations sufficient to trigger galaxy
formation. The Goldstone field, in our case, could be identified with the axion.

ACKNOWLEDGEMENTS
I would like to thank the Physics Departments at Williams College for the use

of the facilities and to J. Primack who made me aware of the nature of the
dark matter problem at the John Hopkins Workshop on Particle Theory.

174

e

\

REFERENCES

[1] Wilczek, F.: Phys. Reports, /04 4 (1984), 147. . .

[2] Szalay, A.: Eighth John Hopkins Workshop in Current Problems in Particle Theory, 20—22
June 1984, Baltimore.

[3] Vilenkin, A., Everett, A. E.: Phys. Rev. Lett. 48 (1982), 1867.

[4] Giovanelli, R, Haynes, M. P.: Astron. J. 87 (1982), 1355.

[5] Peccei, R. D., Quinn, H. R.: Phys. Rev. D 16 (1977), 1791

[6] Peccei, R. D, Quinn, H. R.: Phys. Rev. Lett. 58 (1977), 1440.

[7] Dine, M, Fischler, W, Srednicki, M.: Phys. Lett. B. 104 (1981), 199.

(8] Wise, M. B, Georgi, H,, Glashow, S. L.: Phys. Rev. Lett. 47 (1981). 402.

9] Fukugita, M., Yoshimura, M.: Phys. Lett. 127 B (1983), 181.

[10] Sikivie, P.: Phys. Lett. /37B (1984), 353.

[11] Zeidovich, Ya. B.: Mon. Not. Royal Astron. Soc. /92 (1980), 663.

{12] Vilenkin, A.: Phys. Rev. Lett. 46 (1981), 1169, 1496E.

[13] Vilenkin, A.: Phys. Rev. Lett. 48 (1982), 59.

Received January 22nd, 1988
Accepted for Publication Qctober 18th, 1989

B3AMMOJENCTBHE KJIACMUYECKOM ®OPMbI NMOJA B3AMMOAEACTBHUE
C JEKTPHYECKU 1 MATHETUYECKM 3APSDKEHHOM CTPYHOM

B pa6oTe pacYnTaHO INAEKTPHUYECKOE H MATHHTHOS NONIC CTPYHEI mxnsomm, KOTOpPOE BO3HHKIO
nocie (Ga3’oBOTO MEPEXO]d HA PAHHEM OTANEC BO3HHKHOBEHMA BCCICHHOM. ONS:E MONY4arT
IMEKTPUYECKHA 3apsll MEXAHU3MOM BBLABHKCHHLIM CHKHMBY U MArHATHBIA 3apiad OT Mo-
sonodneil poxaatouuxcs s6musu GUT ¢azosoro nepexosa. [Ipeanonoraercs, 4To B Cly4ae, Korua
JIBE CTPYHBI C OGpaHbIM¥E 3APAAAMHU IPHAYT B KOHTAKT CHHXKACTCH BHIXOX pacHpeleneHust MATEPUH,
4TO COOTBETCTBYET TEMHOBOR MAaTEPHH BOHHKAIOLICH B rAAKTHYCCKAX BIPLIBAX. DHeprus aJek-
TPOMATHHTHOTO TOJIS TEPEAAETCA TPH AHHATUIIAUUN THXEIbIM YaCTUIAM-2KCHOHAM, KOTODBIE
MOFYT ycTpanuTh cunbaoe CP HecoxpaneHue B QCD nocpeactsom P.Q. MexaHusma.
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