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Kibble mechanism drastically underestimates the production of topological defects, as confimned recently in
atomic and condensed matter systems. If nan-thermally produced, they can be cosmol dark matteraf mass
1-10 eV, IF themmalized, skyrmion of mass 1-10TeV isalso a viable dark maser candidate, whase decay may

in & spectra in casmic rays recently measured by PAMELA, FERML and HESS. Models that produce
monopoles below the inflation scale, such as Pati-Salam unification, are excluded.

Tmn\louul defects are of common interest to condensed
tomic physics. astrophysics and cosmology
aic topology [1]. When the
breaks down to its subgroup H. there are
continuously connected ground states parametrized by the
caset space G/H. The homotopy groups of the coset space
then tell us what kinds of wopological effects are possible
In maost cases, nowtrivial mg(G/H) implies the existence of
(2 — d)-dimensional topological defect. If the coset space
has disconnected pieces (g (G/H) # ), we expect domain
walls. For multiply-connected space (71(G/H) # ), there
are sirings (vortices). If the boundary 1 map non-
trivially 1o the coset space (m2(G/H) # 0). we expect point-
like defects such as magnetic mangpoles. An exception 1o the
rule is when the whole space is mapped non-trivially 10 the
coset space (m3(G/H) # 0). where skyrmions are stabilized
by nen-renormalizable iems in the low-energy effective the-
¢ [3). In this case, itis not the boundary condition that is
Iy non-trivial, but it in the bulk

To estinate the iniial abundnce of defects produced by a
phase transition in early universe, Kibble pointed out that the
correlation length diverges at the critical temperature while
the causality does noi permit exchange of information beyond
the horizon scale [4]. He therefore came up with 2 lower
bonnd on the amount of defects, namely approximately one
per horizon, called Kibble mechanism. Most of the litera-
ture wses this lower bound as the estimate of the abundance
of topological defects from phase transitions in e
verse. For point-like topological defects, one finds g p/s ~
(T./Mp/)". Therefore, only phase transitions close 1o the
erand-unification scale produce abundance of topological de-

uni-

fects worthy of consideration.

A decade later, Zurek [3] proposed a more refined estimate
of the abundance by carefully considering the time scale avail-
able. His estimate has been confirmed experimentally in
large number of systems recently. now called Kibble-Zurek
mechanism. The studies include liquid crystals [6, 7], super-
fluid *He [8] and He [9, 10]. an optical Kerr medium [11].
Josephson junetions [12, 13], superconducting films [14], and
spinor Bose-Einstein condensate [15]

‘We point out that the Kibble-Zurek mechanism provides

phase transitions in early universe than the original estimate
by Kibble. Therefore even phase transitions just above the
roduce interesting for dangerous)
amount of topological defects.

In particular, we discuss the possibility that pointlike topo-
logical defeets may be the cosmological dark matier, which

o ¥ X | The domi-
el paradigm 1o explain the dark matter is the thermal relic
of yet-undiscovered panticle, Within this paradigm, we con-
sider dark matier candidates below approximately 100 TeV in
mass because of the unitarity bound [16]. Our main result in
is that the natura| range for topological dark matier,
Iy produced by a second-order phase transition
i5 O(1 ~ 10) PV, which obviously violate the unitarity limit
Note that a symmetry breaking at this energy scale in the hid-
den sector is of greal interest in many attempls 1o understand
the origin of hieraichy between the Planck and electroweak
scales such as dymamical supersymmetry breaking, and extra

dimensions. In addition, we also point out that skyrmions at
the arder 10 TeV, once thermalized, are also interesting dark
matter eandidates that are ofen ignored in the literture [17]

The existence of skyrmion solution is quite generic in mod-
els where Higgs serves as a pseudo Nambu Geldstone boson
which opens the new possibility 1o connect the origin of elec-
troweak symnetry breaking and dark matier.

I the dark matter particles are produced thermally at ten-
peratures higher than their mass, their initial abundance is the
same as any other relativistic particle species, Then the final
abundanee is determined by their annihilation cross section,

L1 x 10%(¢ + D} LGey

3% 10~ e fsec

Qyh?

oty
a1y
whete 77 = m/T; with T} the freeze-out temperature, and
we used g, 00 and ¢ = 0 (S-wave). Assuming that only
one partial wave .J would contribute, the annihilation cross
section s limiled from above by [16]
Ar(2F+1)
e TV

0 Mpiiov.a ¢

T + ewd fsec

Ot < L

Combining Eqs. (L2). we find m < 110 TeV assuming 5-

File
Mavigate
Zoom
Mark
Modes
Options

Help

mgumi

0X - -(almaw\ (6721 messages) AR
S @8 @ Q
Z2.f | =
r — et
[Travel Informati
10C Travel Inform:
[OC Travel Information
Travel Information
ed B T —
ZMASS**2) /ESUM**2
*2)/(2. #*7HPT*ESUM*+2)
L darkmatter19.tex
r1]{revtex4} T
{graphicx}
{dcolumn}% Align table columns on decimal point
{bm}% bold math
{hyperref}
{times}
ge[dvips]{color}
{\red} {\textcolor{red}}
‘{\blue}{\textcolor{blue}}
‘f\green}{\textcolor{green}}
‘f\be}{\begin{equation}}
‘{\ee}{\end{equation}}
{\bea} {\begin{egnarray}}
{\eea} {\end{egnarray}}
ment}
logical Dark Matter}
oshi Murayama}
n{Institute for the Physics and Mathematics of the
University of Tokyo, Kashiwa 277-8568, Japan}
I
{t of Physics, University of California, Berkeley, (A 947208}
n
lal Physics Group, Lawrence Berkeley Naticnal Laboratory,
CA 94720 }
g Shu}
n{Institute for the Physics and Mathematics of the
University of Tokyo, Kashiwa 277-8568, Japan}
ract}
chanism drastically underestimates the productien of
lal defects, as confirmed recently in atomic and condensed
stems. If non-thermally produced, they can be cosmological
er of mass 1--1@ PeV. If thermalized, skyrmion of mass IFx

matterld.tex Top L8

(LaTeX Fill

Bit Torrent Download For Mac

415


https://carmenbenjamin.doodlekit.com/blog/entry/13635509/canon-mf240-driver-download-mac-speehelm
https://ecdrawthuti.substack.com/p/osirix-lite-mac-kostenloser-download
https://launchpad.net/~sultabejo/%2Bpoll/bit-torrent-download-for-mac

software paradigms infotech pvt Itd

Warcraft Frozen Throne Free Download For Mac

[1] Entretanto, também ¢ utilizado para produgdo de cartas pessoais, artigos e livros sobre assuntos.. LaTeX (normalmente
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