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Astroparticulas=Mensajeros

A) Mensajeros de un universo violento
B) Mensajeros de un universo temprano

C) Mensajeros de un universo invisible



Cuando piensen en una astroparticula (mensajero),
piensen en sus tres ingredientes basicos
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Produccion

\ /

4 I
Propagacion

. /

e N\

Deteccion
\ /

Recuerden en cada uno de esos procesos, hay mecanismos que requiere del
conocimiento de las propiedades fundamentales de las particulas involucradas:
Modelo estandar de las particulas elementales



Vimos un ejemplo: Neutrinos solares

\ d E,,,T
N = ngbi t X Ne x/dE /dTﬂx il ) P(AM?,0, v, €, ...)

1
Produccion: Reacciones
Nucleares dentro del Sol
Deteccion

Propagacion: Interaccion del mensajero
Con el medio o propiedades fundamentales
(decaimiento, oscilacion etc...)

Vimos un ejemplo de como calcular una seccion eficaz 4



Plan de hoy:

Vamos a mostrar ejemplos de como las
astroparticulas son mensajeros de lo visible y lo
iInvisible del universo temprano, violento e
invisible

Indicaciones de nueva fisica (propiedades nuevas
de las particulas o nuevos estados de la
materia)



Mensajeros de un universo
temprano

# Modelo Estandar Cosmologico ® ®
s Relatividad general

Dark Energy O
Accelerated Expansion

Afterglow Light
Pattern Dark Ages Develepment of
400,000 yrs. Galaxies, Planets, etc.

1st Stars
about 400 million yrs.

Big Bang Expansion 6

13.7 billion years



Produccion




Propagacion

Mientras que la expansion del universo extiende la
longitud de onda de la luz emitida desde la superficie
de ultima dispersion, tambien disminuye la densidad
del fotén, y por lo tanto la intensidad disminuye.

Estos dos efectos se cancelan de modo que se
conserva la distribicion caracteristica del cuerpo negro.



Detector: Antena
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COBE: Cosmic Background
Explorer

Wavelength (cm) 1.7 mm
DIRBE 10717 10 1.0 0.1
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El radiometro diferencial de COBE consite de SEIS radéometros
diferenciaesl de micro-ondas que operan a tres distintas frecuencias:
31.5, 53, and 90 GHz.

El Satelite gira a una raz'on de 0.8 rpom y precesa. De tal forma que se
obtiene una cubierta total del cielo en un periodo de seis meses.
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Mejoras en el detector. PLANCK

Télescope : miroir primaire » 3 Poids : 2 000 kg
de 1,5 m de diamétre Puissance électrique :
\ 1600W
Durée de vie : 21 mois
Plon Focal = »
contenant les instruments n A ' Planck HFI, ¢’est aussi :

scientifiques refroidis \ A\ * 30 000 composants
électroniques,

= 35 000 litres d'Hélium 4,

= 12 000 litres d'Hélium 3,

* 11 400 documents.

Plate-forme : «
* Avionique (Contrile d'attitude,
gestion des données)
* Puissance électrique
* Télécommunications
et instruments électronigues

Panneau soloire « =
et module de service
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Diferencias de temperatura de 10%(-5) Kelvin
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® A escalas cosmologicas
Se parte de un modelo cosmoldgico, que tiene un numero fijo
de parametros, y utilizando los datos del espectro del CMB, el
conjunto de valores del modelo son aquellos que dan el mejor
ajuste a los datos experimentales.

o El analisis de WMAP:
Oph? = 0,024 +£0,001 ,Quh% =0,14 4+ 0.02.



Mensajeros de un universo violento:
Supernovas
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Supernova neutrinos

] . .

‘Observatory:.




First observation of extragalactic

Neutrino data
Time (UT) February Detector (threshold”/size) Number of events (£-range/duration)
2320 52m Mt. Blanc (7 MeV/90t)” 5(6-10 Mev/7s)
232 52m = | min Kamioka (8 MéV/2.14 k) 1(7MeV/10s)
(consistent with background)
2320 52m £ 1 min IMB (30 MeV/6 kt) none reported
2320 $2m + | min Baksan (11 MeV/130 )" none reparted
237h 35m (% rmin) Kamioka (7 MeV/%0t) 11 (7-35 MeV/135)
237h 35m IMB (30 M:V/6 k1) 8 (20-40 MeV/d s)
237h35m Baksan (11 MeV/1301)" 3(12-17 Mev/105)"
237h 35m Mt. Blanc (7 MeVI901)” 2(7-9MeV/135)
sum of pulses Homestake v, (0.7 MeVi6151)° 0
opi
2360 25m lack of sighting m 2 §mag
23 10h 40m photograph m =6 mag
24100 53m discovery m=48mag
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Produccion de fotones y de
neutrinos en una estrella de
neutrones
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The death of a star
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Supernova remmants

The place where ultra high energy cosmic rays are accelerated
19




El remanente de una supernova
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Una estrella que se enfria

Assume the star’s interior is isothermal and neglect GR effects.

Thermal Energy, Ew ,balance:

dEq, . dT
o e

= 3 essential ingredients are needed:

e C, = total stellar specific heat
e |, = total surface photon luminosity
e |, = total stellar neutrino luminosity

H = “heating”, from B field decay, friction, etc ...
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Procesos para el enfriamiento de
una estrella de neutrones

The Murca-Bremsstrahlung family and Durca

Name Process Emissivity
(erg cm—3 s71)

Modified Urca cycle n+n—=n+p+e +v by :

(neutron branch) n+p+e —=n+n+ve ety 2l

Modified Urca cycle 3y B M © e« 5 S TR 3y &

(proton branch) ptplte 3ptntin RSk g o
n+n—-n+nt+v+v

Bremsstrahlung n+p—=n+p+ur+p ~10"RT§  Slow

PP 3PP+ AW
n—+p+e + Vs

~ 1027 B
Sl S 10" R T, Fast

Direct Urca cycle
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El modelo minimo de enfriamiento

Standard (minimal) cooling of NS..

g 222 B
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+ stellar structure

Log L, [erg 5]




Comparacion con los datos de Cassiopea A:
iDebe existir superfluidez en el interior!
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Rapid Cooling of the Neutron Star in Cassiopeia A Triggered by Neutron Superfluidity in Dense Matter
Dany Page, Madappa Prakash, James M. Lattimer, Andrew W. Steiner

Phys.Rev.Lett. 106 (2011) 081101



Mas de las supernovas: Neutrinos
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Still waiting for the next galactic supernova:

one or two per century per galaxy

26
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Los neutrinos de supernovas
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Computing the DSNB

dpPSNB AN(E) , dt
IE :/ Roesn(2) d](E )}dz}dz

Rccosn 18 the core collapse SN rate

AN (E)
dE

1s the time integrated neutrino spectrum

4| is related to the Hubble parameter H (z)



Core collapse supernova rate
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CCSN Bl 100
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The neutrino energy spectrum
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The expansion rate of the universe
L] = (14 2)H(z)
The Friedmann egs:

s D
a S
H?=[=] =
(a,) 3¢2 F
pm + 3H (pn + 55 ) = 0
C
A-CDM model

P = Pm + PA
p=2~0



H(z) = Hov/ (0 + (1 + 2)3Q,,,)

where
o 3H?
Q= pafpes O = pumfpe ., Pe = &G
The diffuse neutrino background flux

1S.

5 I I I I I I I I I | I I I I I I I I I I I I I I I I I I

(P +=
T T T T T ] T T 1

do” " /dE fem s 'MeV ]
[

(==
LI LI

E (MeV)



Its detection Is inevitable...

inverse beta decay v, + p — n + e*

Control room

Detector hall Access tunnel

p0
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Sensitivity to neutrino physics

Neutrino lifetime
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Sensitive to supernova spectra

C. Lunardini/Astroparticle Physics 79 (2016) 49-77

w

SN v, Energy in 10539rg
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New physics

gN;—gl/qu my = mpym = 1 MeV
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Dips in the diffuse supernova neutrino
background

Yasaman Farzan® and Sergio Palomares-Ruiz®



What about cosmology?

g5 AN(E) dt

(Dd /RCCSN z) ;dj(’;)ldzldz | | _1/ 1+ 2)H(z)
4
35 —\\\ Q =032 |

Local

Events [(22.5 kton yr) ']

-1 -1
Ho [Kms Mpc ]



SK limits already constrains CDM

35
- 30— =
Q
o
=
&
=
T 25 “k Ly -
G'Qrb
-J’S/(
i,
— SN‘Q
1 1 | | | | 1 | | | | 1 | | | | 1 1 | | | 1 1 |
20O 02 04 0.6 0.8 1

m

Hp > 21.5 Km/sec/Mpc independently of the content of dark matter €2,,,



Alternative models

The cosmological constant, which correspond to the energy density of the vacuum, is the
simplest model to explain an accelerating expansion of the universe. Nevertheless, two
problems arise:

(1) a huge discrepancy between its predicted value and the observed value and

(11) the “cosmic coincidence problem’, 1.e. the problem that we are living in a time when the
matter density in the Universe is of the same order than the dark energy density.

Two examples:

a) The logotropic universe

b) Bulk viscous matter dominated universe



Logotropic

P = Alog(p/pp)

H(z) = Hor/Qumo(1 4+ 2)3 + (1 — Qo) (1 — 3B log(1 + 2))

Bulk viscous matter dominated
universe

Ty = pm uptty, + (G + uuuy) Py
P =P, —(V,u"
¢ = C+aH



Model Best fit parameters x2. /d.o.f.

Volometric | Hy = 79.0573% (o =1.73%030 ¢ =0.037050 | 2. /d.of. =0.971

Logotropic | Hy = 70.251050 Q.0 = 0287013 B =0.001050 | X2, /d.of. = 0.973

ACDM | Hy = 70.04%0%% ), = 0.28 + 0.04 Y2 /dof. = 0.971
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Figure 8. Allowed regions for the Hy, (; and (; constrained with the Union 2.1 data set at
68% and 90% C.L. and the excluded region obtained by imposing that ¢PNE(Hy, 0,,) <
2.9 7.cm 2sec™! for E, > 16 MeV.



DSNB is sensitive to the
cosmological model

(assuming the alternative

cosmological model predicts a
similar SFR as LCDM)



Neutrinos astrofisicos y su
naturaleza Dirac o Majorana

Propagacion y deteccion



Is the neutrino a Dirac or a
Majorana particle?

1) To show that the neutrino-electron scattering with
polarized neutrinos might have different cross sections for

the Dirac or the Majorana case

2) Use that fact to constrain the neutrino magnetic moment



What is the relevance of being
Majorana?

|.  The equation that dictates the dynamics is
different

Il. The neutrino will be its own antiparticle

lll. There will be another processes like the
Neutrinoless double beta decay



There is a crucial difference between Dirac and Majorana
neutrinos if we consider neutrino-electron scattering.
At low energies, the effective Lagrangian is:

G _
Loe = \/g[uw (1= uv, |[Teyu(gy — 84y )ue]

If the neutrino is a Majorana particle, then the following
identity holds:

V{E}/M(l _ }/S)VLE — ﬁw}/ﬂ(l T }/S)Ui'g

52



Then, the amplitudes for each case are:

Dirac case:
: GF _ ¢

MP (vie = vpe) = —Zﬁ[u(ﬁcv“(gv — g4y )ul)ad, v, (1 — ")l ]

Majorana case:

2Gp i [ i
M (e = vee) = i— [ugy" (g — g4 Jue] il |

If amplitudes are so different: why are not the cross sections for
Majorana and Dirac cases different?

A: Neutrinos have negative helicity. An extra factor
(1 —5)/2

should be added and both amplitudes become identical



Neutrinos are almost completely left handed.
Consider the pure leptonic deacy of a pseudoscalar meson:

Pt —>€+—|—I/g

| o o (E — W)|k|
The neutrino longitudinal polarization: Flopg =

WE — |k]2

Here k is the neutrino moment and E,W the lepton energies

o 1e-06 -

lo

1+P

0.1 1 10 100



In any case...forget for a moment the value of the
neutrino polarization and compute:

neutrino-electron scattering vy(py, s,) + €(pe) — ve(pl,) + e(pl)

Sy = (D S . D SH)

For the Dirac case (in CM) [B. Kayser, R. Schrock PLB 112 (1982) 137]

doP’ C'E 2
T STES((?HE{EH p? cosf) (g4’ — g& )
+ (EuE. —|—p ]I[ gy —g_ﬂ + (B E. —I—;L'r CD:::Q]I |[ gy —gi}

Bk [ Y E{EIAEE* } |('§’1 —5",1]' '[EpEe‘FP EDE‘H)

X ((Ec+E,cosf)s| +m,s sinfcosd]) (g1, — g4)°

: 2 2
+ m(E,(1 —cosf)s —m,|s|sinfcos o)y — gt ),

9

99



For the Majorana:

M V2
do _ CTF
s A2 s
2 2
mu(E? — p?cos0)) (gt + ¢4 ) + m2(E? — p? cos 0 + 2m2)
2 2
(94" —9v') — 20v94p(2E, Ec + p*(1 + cos §))

(((EL»‘EE', + 1)2)2 + (EUEE 4 pQ cOS 9)2

sinfcoso)).

S1

They are different!!!!

56



Seriously?

0

b lowRe) —o@Mel " R
D(E,™,5)) = (vD ¢) '- : 1 3
o\l p-:rf':: m-z'_ 14
Call: 1 !
S 107 1 -
For man made neutrinos, B8 | o Lt = 4
which are produced via = P TR E

charged currents, it is 10 1+5”=10

extremely difficult to have e m=leV 2
significant differences 0*L 7
between Dirac and Majorana T T T T
neutrinos. 10" 10° 10" 10° 107 10' 10° 107 10" 10
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Don't lose your faith...

Consider the integrated cross section in a Borexino o(s)) = f dT f dE, A(E,) Ao

type detector dE,dT
O . ].2 T T T 11 T T T 11 T T T 11 T T T 11 | ' T T T | T 11
= * = « Dirac antineutrino H
B Equivalence between a = [)irac neutrino ]
0 1 I left handed massless Majorana neutrino - I\’IE{J orana neutrino T
- vs. Left handed massless Dirac neutrino ]
I i
L s - _
—_— -~
L ~ |
{\fl 0.08 = ~ - Equivalence between a _
> L ~ - rigth handed Majorana neutrino
D) L e vs. right handed Dirac antineutring |
-~
= 006l -
0.06 - ~e_ -
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Can we (or nature) change the neutrino initial
polarization?

Yes, we (nature) can...
Bargmann-Michel-Telegdi:

dS* -

— 2:“((*1“3 ’STH — u ﬁGth‘fﬁ“u ’STIS] +- QF;(GJMH ’STLj — U ﬂGrﬁ'_;.’j’- Uy ’STIS)

(T
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What is the magnetic field needed in order to have such changes in the
neutrino’s helicity? In order to estimate this, we recall previous studies where
the depolarization rate of neutrinos was calculated [15, 16, 17]. In the case of
a random distribution of electromagnetic fields, the average neutrino’s helicity
(h) changes as dictated by the equation (h(t)) = exp(—I gepot)(R(0)) , where

o, 23
[ gepor = 00132273 (11)
IDEdE_I T TTTI I |||||||| I |||||||| I |||||||| I |||||||| T TTTTTn I T TTTT T TTTITH | LI IE
= “‘m_“ |
10°F 3
e ... Galactichalo |
= m % Calactic disk = 1
E 10"6 F— R ———— ﬂﬂffﬂ; 3
= | B SNR N N 2]
2 5 E
T . 12F B —| 5
< 10 = -
= AGN E
E '''' E' T T T T T T T T T T T T TR E T T EEEE ot ""'_'_""'E' _';
IDE—_ W 1) 4
Solar radius
"""""" T T T T T T T T T T "'-.';"'\].;
IDII! F L1 1II 1 11 |||||| 1 1 ||||||| 1 11 |||||| [ ||||||| L 11 |||||| [ ||||||| L1 ||||||| L 11 Tﬁ
0?® 10" 10"® 1w 10" 1w"” 1" 1w" 10" 10"

w/ug

J. Barranco, D. Delepine, V. G. Macias, C. Lujan-Peschard and M. Napsuciale, Phys. Lett. B 739, 343 (2014)
[arXiv:1408.3219 [hep-ph]].



Not fully polarized, but partially polarized neutrinos.

1. Consider a model for the magnetic field of the Sun:

. 3 sin(zgr
Bff(r, 0) = 2Bfcoso|1- — (&) — COS(Z.H))] .
] ] i r=Z) S1N gy Lt
Solutions to magnetostatic . 3 sin(zer)
Equations :> By(r.0) = -B'sing|2+ 55— A —cos(ar) -z
[0.G. Miranda et al. | PRSI\ ad
Nucl.Phys. B595 (2001) 360-380 . ' 3 sin(zxr
uelrhys (2001) ] be(r, 9) = B'gsing|r- : ( (&) — cos(z;;r))] :
FZj S1IN g il

> sin @
B, = Bi + Bé = Beore Tf(r)

—

2. With this magnetic field, solve
the BMT equation:

ds -
d—!=—2ﬂp5’ﬂu )

For a given magnetic field, and a —
neutrino magnetic moment, the '

final SH 7& —]_

B, [100 KG]
a
|

Sun



Possible differences between Dirac and Majorana neutrino
observable with astrophysical fluxes

1. A neutrino magnetic moment
2. External magnetic field
3. Massive neutrinos
Then, we expected number of
neutrinos change from:

o(E,,T
NG = Zgbzxth x/dE /dT)\ (dT )xP(Am2,9)

to...

do(E,, T, 1,,
NGy (s 81)) = Zgbi Xt x N, X /dE,,/dT)\Z-(E,,) X d dTlu all x P(Am?,0,u,)




Borexino

PRL 101, 091302 (2008) PHYSICAL REVIEW LETTERS 29 AUGUST 2008

Direct Measurement of the 7Be Solar Neutrino Flux with 192 Days of Borexino Data
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Borexino’s relative error =



02 . . . . Borexino relative error = 4%
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http://arxiv.org/abs/arXiv:1704.01549

Is it possible to obtain more information about's neutrino
nature using astrophysical neutrinos? YES

Magnetic field amplification and magnetically supported
explosions of collapsing, non-rotating stellar cores

M. Obergaulinger', H.-Th. Janka?, M.A. Aloy Toras'

1 Departament d “Astronomia i Astrofisice, [niversitet de Valéncia,

Edifici d “Investigacid Jeroni Munyoz, Cf Dr. Moliner, 50, E-46100 Burjassot (Valéncia), Spain

? Maz-Planck-Institut fir Astrophysik, Karl-Schwarzschild-Str. 1, D-85748 Gorching, Bavaria, Germany

Supernova
neutrinos
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Difference between Majorana and
Dirac with SN neutrinos

Even with a neutrino - S =-0.35 — Dirac
magnetic moment as D : — Majorana
small as the

predicted by the
standard model, the
Huge magnetic fields
In the SN explosions
might generate
observable
differences in both
spectra and number
of neutrinos.

Events [Arbitrary Units]




Fotones, neutrinos, rayos cosmicos
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Detector
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¢,De donde provienen?

;remanente de supernovas?



Universo invisible




Deteccion de materia oscura
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Deteccion indirecta
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Resumen

® Esunarama de la fisica de particulas que estudia a las particulas elementales de
origen astronomico y su relacion con astrofisica y cosmologia.

® Lafisica de astroparticulas es un nuevo campo que surge de la interseccion de:
#® Fisica de particulas

Astronomia

Astrofisica

Fisica de detectores

Cosmologia

Fisica del estado sélido

Relatividad
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