PeV neutrino signals from decaying topological dark matter
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Introduction
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Introd

@ The dark matter problem — ACDM

( ™\

Energia oscura
~70%

Materia oscura
~25%

Materia
bariénica
~5%

@ Proposal for a dark matter candidate:
Topological defects — monopoles: non-thermal production
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Second order phase transitions

Symmetry breaking process:

(¢) =0, T>T. — (¢)#0, T< T,

-

Landau-Ginzburg potential Vo)

\

Correlation length and relaxation time diverge at T,
— critical exponents
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Abundance of topological defects
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Kibble mechanism

@ Non-thermal production of monopoles in phase transitions— density
@ Based in causality: separation between regions d <> ct

@ One monopole is produced on each correlated volume (£3)

Kibble's estimate: one TD per horizon

ny~ES3S ExHYT) = ny~ H®

Radiation dominated universe:

T2 2 2
H = 1.66./g Ve entropy: s = %g*ST3
P
3 «—
™ 107 ( Te )
S MP
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Kibble-Zurek mechanism

@ Takes into account the finite timescales available for the transition
@ Correlation length &, relaxation time 7

@ Tested in laboratory: condensed matter and other systems

Parametrization of the divergences: critical exponents

{5 = &ole|™ T.—T

(proximity to T.)

m
If

T = T0le| Te

v

Zurek's estimate — quenching process: At oc AT
t—tc=17q €(t) _ . (T Rl
{ = gle) =60 (2)

T(te) = te — tc

Radiation dominated universe (T oc t=1/2): 19 2 = H=Y(T.)
—rtc

Initial conditions: fo~ 70~ 1/(TevV/A)
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Kibble-Zurek mechanism

With & <+ H(T.), s(T.) — ny ~ &3, and assuming g, ~ 106, \ ~ 0.5:

@ General case

Mp

3
™ 0007 <24 TC) e
S

o Classical case (v =1/2)

o
”Mgo.l(TC>
S Mp

e Quantum case (v = 2/3)

6
nw Tc\5
e o (1)
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Abundance of monpoles vs. critical temperature )
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Other bounds for the abundance of monopoles

Standard monopoles

@ Annihilation: important for high abundances — dissapearance

"TM ~3.4.102 x_ ( Te >

GeV

@ Parker limit (insterstellar magnetic fields): "4 < 875% ~ 102

o Direct searches: MACRO experiment — 4 < 10-28

Dark monopoles = suppressed dark charge: g — xq, x ~ 10712

@ Annihilation: dark plasma?, no significant annihilation processes?
Ny 1 ny —14
o Parker limit: T4 — +71 <10

o Direct searches: cross section x g% — x2q°

Clara Alvarez Luna VIl Meeting on Fundamental Cosmology September 10, 2019 6 /15



Abundance of monopoles

( Abundance of monopoles vs. critical exponent
g \ 1
' 3 5
B = —T., =10% GeV
s 3 —T.=10* GeV
O (€] e
s —T.=10° GeV ||
—T,.=10° GeV
-20| /(i
1 Parker (dark) bb/e?Zurek
e,
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Direct Search
[ Kibble
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Current density of monopoles

QMh2 s0my v

~28. 1014( M)”—M} PLANCK: Quh? ~ 0.12

pch=2 s PeV/ s
Kibble-Zurek: o s
1.97 - 10— Py mp \ g1
Qui? =210 (LTI iy 26
M Xc PeV
( Current density of monopoles
i
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Dark matter decay signal — neutrinos
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Neutrino fluxes: galactic halo

dq>halo 1 dN,, dN,,
= halo|F\'S [. b)] = Dh e
dE, ArmpyTm dE, Phatolr(s, 1. b)) °dE,
'd : ~
102 Iﬁl%tc\’ermal 4
1 o Einaste
Navarro-Frenck-White profile AR NEW,
< OO—
Po 2 73
phalo(r) == —2 g10’7— Pe=03GeVem
L1+ L &
re re Q1072,
r@:‘e‘skpc
G 0. T ey 10 %9

P 1 27
Dpato = 1.3-10712 (n’i\\//[> ( Cj_M S) (em? s sr)7t

oscillations : ® = (ve + v, +v7)/3
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Neutrino fluxes: extragalactic sources

Cosmological distances: homogeneity and isotropy — peg = Q2pmpc

dPege  Qpmpc /oo 1 dN[(1+ 2)E)] dz —
dEl, 4’/Tm/\//TM 0 H(Z) dEl,
* 1 dN,[(1 =
o, N[0+ 28],
o VUt Qu(l+2z) dE,

P 1 27
ACDM cosmology: Deg = 1.6-10712 <eV) < 0 S> (em? s sr)7t
mpy ™
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Neutrino spectrum

Two kinds of decay channels:

@ hard: M — v, ... = spectrum with peak o d (El, — %) width due
to electroweak corrections

e soft: M — qg,... = continuum

<

dE, = bhard 7 dE, ,,ard+( bhard)dEu

soft

dn dnN, dn, J
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Neutrino flux

 — T
TH o) ==—- galactic J F
1070 T extragalactic Flux characteristics:
[}
o ——  galactic+extragalactic
L @ Peak ~ PeV and cut
2 =11 .
310 e sub-PeV dip
g : e Continuum ~ 10— 100 TeV
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Comparison with lceCube results
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Observed neutrino flux

For a 1347 days exposure: 53 HESE (High Energy Starting Events)
observed

IceCube Collaboration 2016

C gt

B 84 U 8
: )
E= 1.0410.16 PeV
—

9 L N
+ shower E= 1.14£0.17 PeV

X track ~ alactic s

\_ 21.3 logyo(poar/GeVem™) [Einasio] 23 ) tim:

Most events: showers — high angular uncertainty
2 events con E, ~ PeV observed

Standard astrophysical sources: power law ~ E~2

Background: atmospheric showers from cosmic rays
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Observed neutrino flux

Flux — events per energy bin

dcl>halo dq)eg
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Characteristics of the observed flux: similar to those of the proposed model

(

1075 ; 7 4
10 10 10 10
k Deposited EM-Equivalent Energy in Detector [TeV] )
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Conclusions
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Conclusions

Summary:
(Dark) Monopoles — dark matter candidates

Abundance estimations: Kibble-Zurek mechanism

°
°
@ my ~ PeV < abundance measured by PLANCK
@ High energy neutrinos observed with IceCube

@ Monopole decays — possible explanation for the neutrino flux
°

Best fit: mpy ~ 3 — 4 PeV (v ~ 0.56) with a hard+soft spectrum

Future work:
@ Improvement of statistics and precision of the data sets
@ Angular distribution: preference for the dark matter model?

@ Analysis of specific particle models for monopoles
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Thank you for your attention
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