AstroCasticova fyzika — 3. prednaska:

Neutrina — problém deficitu slunecnich neutrin, oscilace neutrin
Temna hmota — gravitaCni projevy — galaxie a jejich kupy,
silné a slabé CoCkovani, pokusy o pfimou detekci,
rocni modulace signalu v experimentu DAMA,
prebytek pozitront pozorovany druzici PAMELA
a prebytek elektrond z balonového experimentu ATIC
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Neutrino Mass

e Over the last decade, numerous experiments
have indicated that neutrinos do have mass.

e These experiments exploit a quantum-
mechanical phenomena — the probability of a
neutrino of one type (there are three types of
neutrinos) to change to a neutrino of a second
type. This phenomena occurs ONLY if neutrinos
of different types have different non-zero
masses.




Neutrino Oscillation
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e Neutrinos that are generated as one type ‘morph’ to neutrinos of one of the
other two types as they travel.

e The probability that this transformation occurs depends upon the pathlength
traveled, the energy of the neutrino, and the difference in mass between the

two neutrino types.
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The Einstein RHing
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Double Einstein Ring SDSSJ0946+1006 Hubble Space Telescope
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MNASA, E5A, R. Gavazzi and T. Treu (University of California, Santa Barbaral, ST5cl=PRCOB-04
and the SLACS Team
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True Background
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Shear field - reconstructed
surface-mass density

Credit: Y. Mellier & B. Fort; C. Seitz et al.




Galaxy Cluster C| 0024+17 (ZwCl 0024+1652) HST+« ACS/WFC
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NASA, ESA, and M.J. Jee (Johns Hopkins University) STScl-PRCO7-17b




Dark Matter Ring in Cl 0024+17 (ZwCl 0024+1652) HST+ACS/WFC
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NASA, ESA, and M.J. Jee {(Johns Hopkins University)




Dark matter search strategies

1. Direct detection > _

2. Indirect detection >

< 3. Production at the Large Hadron Collider
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Sources of Background

WikiPs and Meutrons
scatter from the

atomic Hucills
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Detectors must effectively
discriminate between
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Direct Cold Dark Matter Detection

CDM particles are very heavy (100's of times heavier than a proton) they have a low velocity wrt
the speed of light. That means, when we 'swim’ through the sea of CDM particles as the sun
orbits the center of the galaxy, and the Earth orbits the sun, the velocity of the CDM relative to us
changes with the time of year. In June, the Sun’s motion in the Galaxy is aligned with the Earth's
motion about the sun, and the apparent velocity of COM particles increases. In December, the
two velocities are opposed. This effects the event rates seen in Dark Matter detectors, and we
expect this event rate to modulate with the time of year.
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CDMS - the current state of the art

CDMS (Cold Dark Matter Search), is a solid state detector now taking data
in the Soudan Mine in northern Minnesota.

The CDMS detector is unique in it's ability to distinguish signals from Dark
Matter particles from gamma signals originating for radioactive decay of
nearby material.
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Event rates in DM detection

depends up mass of DM particle,

and strength of interaction between

DM particle and normal matter. Neither
are known, and so when no signal is seen
the experiment places limits on allowed
possibilities for mass and interaction
strength. The CDMS experiment has
ruled out the range of values allowed by
the earlier DAMA result.
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The Future of Direct Dark Matter
Searches — Cryogenic Detectors
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Solid state detectors like CDMS hard to scale up in size. Future detectors are likely
to use cryogenic liquids (Xe or Ar) as the active volume.

Next generation detectors will be 100 kg active mass, a factor of 10 larger than
CDMS. The ultimate goal for DUSEL is 2-10 tonne — class detectors, that will be
factor of ~1000 more sensitive than CDMS.

This field is now moving very rapidly, and chances are extremely good that dark
matter will be detected in the lab within the next 10-15 years.
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Annihilations of neutralinos (majorana fermions;
l.e. their antiparticles are identical)

hadrons
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Antiproton flux (particle / (m® sr s GeV))
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Background from normal
secondary production
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neutralino annihilations
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Charge ratio (e*/e*+e7)
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AstroCasticova fyzika — 4. prednaska:

Neutrina — jesté douska k oscilacim
Gravitaéni viny — nepfimé projevy a pozorovani pulzaru,
typické amplitudy, detektory gravitacnich vin — LIGO, LISA
Gravitace a jeji méfeni na malych Skalach — hledani moznych
projevu extradimenzi
Promenlivé konstanta — proménliva konstanta jemné struktury,
pozorovani spektralnich ¢ar kvasaru
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Figure D1. Left: Allowed region in the (sin® #a3, Am3,) plane before (lines) and after
(coloured regions) the inclusion of the new MINOS data. Right: Allowed region in the
(sin” 619, Am3,) plane before (lines) and after (coloured regions) the inclusion of the
new KamLAND data.
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parameter best fit 20 30
Am32, [107%eV?] 7.6 7.3-8.1 7.1-8.3
Am3, [10~3eV?] 2.4 2.1-2.7 2.0-2.8
sin® #y5 0.32 0.28-0.37 0.26-0.40
sin? fgg 0.50 0.38-0.63 | 0.34-0.67
sin® 6y, 0.007 < 0.033 < 0.050

Table D1. 2007 updated version of Table 1. Best-fit values, 20 and 3o intervals
(1 d.o.f.) for the three—flavour neutrino oscillation parameters from global data
including solar, atmospheric, reactor (KamLAND and CHOOZ) and accelerator (K2K
and MINOS) experiments.

arxiv.org: hep-ph/0405172 v6






Spin-Powered Pulsars: A Census

 Number of known

pulsars: 1765 = T
Binary pulsars
AXPs .

 Number of millisecond
pulsars: 170

* Number of binary
pulsars: 131

 Number of AXPs: 12

-
]
=
=
=
=

* Number of pulsars in
globular clusters: 99*

 Number of

extragalactic pulsars: 20
Log [Period (s)]

* . H
T%Laalluﬁgoggi.ri’zsgv:/gbz t ; Ig)s ters Data from ATNF Pulsar Catalogue, V1.25
Pag (www.atnf.csiro.au/research/pulsar/psrcat; Manchester et al. 2005)
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Pulsars and Gravitational Waves

Orbital decay in high-mass short-period binary systems
accounted for by loss of energy to gravitational waves.

First observational evidence for gravitational waves!
Observed rates agree with the predictions of general relativity!

PSR B1913+16: Pb,obs/Pb,pred =1.0013 0.0021

Precision of GR test limited by uncertainty in correction

for acceleration in gravitational field of the Galaxy
(Weisberg & Taylor 2005)

« PSR B1534+12: P, /P, .o =0.91 0.05

Limited by uncertainty in pulsar distance;assuming GR
gives improved distance estimate  (Stairs et al. 2002)

* PSR J1141-6545: Py, ;p/Py oreg = 1.05  0.25
(NS-WD system) (Bailes et al. 2003)

* PSR J0737-3039A/B: Py, /Py preg = 1.004  0.014
Expect 0.1% test in ~5 years! (Kramer et al. 2006)
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-35

-40

PSR B1913+16

1975 1980 1985 1990 1985 2000
Year

2005




PSR J0737-3039A/B - the Double Pulsar

» Four times as relativistic as Hulse-Taylor binary pulsar

» Detection of both pulsars gives the mass ratio of the two stars

» Have measured five relativistic
parameters In just two years! | N

» Four independent tests of general
relativity

» Consistent at the 0.05% level!

1.5

R: Mass ratio
. periastron advance
. gravitational redshift
r & s: Shapiro delay
P,: orbit decay e
(Kramer et al. 2006) N o
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supernova v Galaxi 101 pulzni

supernova v Panné 10t pulzni

sriZzka neutronovych hvézd kvaziperiodicky

velky tiesk ? ? Sum






Obrazek 2 - Interferometry projeldu LIGO budou dosahovat wisi citfivosti zdsluhou Fabryho-
Ferotowych rezonandnich dutin. Paprsky se budou v obou ramenech mnohonasobné odraZet mezi
voiné zavédenymitélesy T,a T resp. T,a T, Teprve poté se slodi a dopadnou na fotodetekior






MARK 2 Paszadena USA 1991 40m www.ligo.caltech.edu

GEO 60 Hannover SEN, GB 2001 600 m www.gzeof00 uni-hannover.de

VIRGO Pisa Itilie, Francie 3km wWww_virgo.infn.it
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LISA: Laser Interferometer Space Antenna

* ESA — NASA project
e Orbits Sun, 20° behind the Earth

 Three spacecraft in triangle, 5 million km each side
e Sensitive to GW signals in the range 104 — 101 Hz
e Planned launch ~2015

Most probable
astrophysical
sources: Compact
stellar binary
systems in our
Galaxy and merger
of binary black
holes in cores of
galaxies
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@ E. Adebanger o al, physicswoid.com

Gausslv zakon a extradimenze. Gausslv zakon fka, Ze sila nekonedného dosahu (ffeba grawvitadni nebo
eleldromagneticka) klesa tak rychle, jak rychle fidnou jgi silodany V norméainim tircemérnem prostoru tedy
fidnou fak, jak nardsta plocha, fedy sevzddlenosti na druhou Pokud vaak nas prostorodas obsahue | néfakou
Jelkou” extradimenzl — v obrazku je vyznadena primerem valce — bude viachno jinak. Pokud budemes méfit
na rozmeru mensim, neZ fe razmér extradimenze, bude infenzita gravitace klesat rychlefi — siloddry budou
mit rozmér navic, ve ktereém se mohou rozptylovat. Na vétSich vzddlenostech ale uZ budou siloddry v extra”
razméru rovnobéZne a budou klesat jen se civercem vzddlenost, jak je obwikde. Obecne pravidio je fednodu-
ché, v prostoru s n dimenzemi sila klesd & (n-1). mocninou vzddlenosti. BudowHi tedy extradimenze dvé, pak
Cekejme na mensim neZ charakteniatickem rnzméru kissani internzity se Etvrou mocninouw vadalenost,
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i E. Adebemer st al., physicaword.com
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AbstrRct

Wa rewlew proparckas of cheorks for che varkglon of che grovleation
and fAng SEruecure onsmn’. We highlighe soma genaral feagures of cha
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Sonerrnine.,

1 Introduction

There are several ressons why the possibility of werying constants should be
taken seriously [1]. First, we koow thet the best candidstes for unifeation of the
forees of nature in & quartum grevitationsl envirooment only seem to exist in
finite form if there sre many more dimeosions of spems than the three that we are
Tamiliar with, This means that the true constants of nature are defmed io higher
dimensices and the three-dimensionel shadows we observe are no longer funde-
mantal and do not need to ke constant. Any slow changs in the seals of the extr
dimensiors woukd be rovealed by measurablo changes in cor threo-dimensional
‘constants’. Second, we appreciate that some spparent coostant might be de-
termined partially or completely by spontanecns symmetry-bresking processes
in tho very aarly umiverse. This introduses an irredueibly random clament ints
tho vatuos of those constamts. Thoy mey be difforont in different parts of the
universs. The most dramatic menifestation of this promss is provided by the
chactic and eternsl inflsticnery universe scenerios where both the mumber and
the strength of forees in the universe at Jow energy ean fall out differently in



