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Particle Astrophysics
 The field of particle astrophysics encompasses projects measuring and 

characterising the properties of particles and radiation from space apart 
from standard electromagnetic radiation. These projects often lie at the 
intersection between Cosmology, Astrophysics  and Nuclear  and Particle 
physics.

 Internationally, particle astrophysics is defined by technique

 Two ways to measure particles from space:

 Direct detection - Gravity wave telescopes, Neutrino detectors and 
telescopes, Cosmic ray telescopes, Gamma ray telescopes, Dark matter 
detectors and telescopes, Other exotic particle searches – e.g. axions, 
magnetic monopoles, etc.

 Indirect detection – pulsar timing, CMB, weak lensing, LSS, etc.

 Thus there is an overlap between the activities of PAAP and FUAP / 
PPAP / NPAP (science and technology overlap)



  

Particle Astrophysics: The European Strategy
 Reviews relevant to UK strategy;

2010 STFC programmatic review 

ASPERA (http://www.aspera-eu.org)

ASPERA 
– is a network of national government agencies responsible for 
coordinating and funding national research efforts in Particle Astrophysics

– has identified the development of a roadmap for Particle Astrophysics in 
Europe as one of its main deliverables



  

ASPERA Magnificent Seven (Sep 2008)

• Ton-scale detectors for dark matter search 

• A ton-scale detector for the determination of the fundamental nature   
   and mass of neutrinos 

• A megaton-scale detector for the search for proton decay, for neutrino 
astrophysics and for the investigation of neutrino properties 

• A large array of Cherenkov Telescopes for detection of cosmic high 
energy gamma-rays 

• A cubic kilometre-scale neutrino telescope in the Mediterranean Sea 

• A large array for the detection of charged cosmic rays 

• A third-generation underground gravitational antenna 



  

ASPERA – European review of particle astrophysics



  

UK PA areas

The techniques used in Particle Astrophysics can be divided into the following broad 
areas (with examples of projects that have received UK support indicated in brackets):

• Particle astrophysics theory (cosmology, DM, GW’s, neutrino’s and particle accel.)
• Gamma ray astronomy (CTA, HESS, VERITAS)
• Direct dark matter detection (EURECA/CRESST/EDELWEISS, ZEPLIN/LUX-
ZEPLIN, DRIFT, ArDM, etc.)
• Gravitational wave detection (LIGO, Advanced-LIGO, LISA)
• Neutrino astronomy (SNO+, LAGUNA)
• Cosmic rays (AUGER South, ANITA, ACORNE)
• CMB polarisation studies (PLANCK, EBEX, POLARBEAR, SPIDER, ACT-POL, etc.)

Mixture of large facilities and smaller scale experiments

Internationally growing field
STFC support for PA projects except GW ended in 2010 SR



  

Gamma Ray Astronomy
Science areas:
Fundamental physics:
Lorentz invariance – quantum gravity
Dark matter annihilation signature

High energy universe (extragalactic):
Gamma ray bursts
Emission from AGN
Starburst galaxies

High energy universe (galactic):
Binaries
Pulsar wind nebulae
Gamma ray pulsars



  

Main findings



  

Main findings
Gamma Ray Astronomy

Science areas:



  

Gamma Ray Astronomy
Next Generation: CTA

CTA is the successor to the current arrays of imaging 
atmospheric Cherenkov telescopes (IACTs), such as 
HESS and VERITAS, which over the last decade have 
helped revolutionise our understanding of many of the 
highest energy phenomena in the Universe. 

2011: STFC solicited a SOI for CTA
2011: SOI has been reviewed and full proposal has 
now been requested



Direct Dark Matter Searches
All the astronomical data 
consistently point to the 
existence of dark matter

Lightest supersymmetric 
particle forms a very good 
WIMP candidate



  

Direct Dark Matter Searches

LUX-ZEPLIN is the successor to the current ZEPLIN 
experiment led by the UK and EURECA is the 
successor to the current CRESST and EDELWEISS 
experiments with UK spokesperson. DRIFT and ArDM 
are important for future dark matter characterisation 
experiments.

2011: STFC requested SOI for dark matter
2011: SOI approved and now full proposal requested



  



  



  



  



  



  

Gravitational Waves
Science areas:
Fundamental physics:
Extreme gravity  - quantum gravity

Cosmology:
Early universe phase transitions
History of acceleration

High energy universe:
Gamma ray bursts
Black holes
Supernovae
Binary mergers

High energy universe:
Pulsar glitches
Magnetar flares

Other:
Helioseismology



Gravitational Waves
Crab Pulsar 

• observed luminosity of the Crab nebula accounts for < 1/2 spin down power 
• spin down due to: electromagnetic braking/particle acceleration/GW emission?
• LIGO s5 result:

     - ellipticity upper limit: ε < 2.1 x 10-4 

     - GW energy upper limit < 6% of radiated energy is in GWs 

Abbott, et al., “Beating the spin-down limit on gravitational wave 
emission from the Crab pulsar,” Ap. J. Lett. 683, L45-L49, (2008).

GRB 070201
• GRB observed in direction of M31 during s5 science run
• Binary merger in M31 scenario excluded at >99% level
• Cannot exclude an SGR in M31.
 

 
Abbott, et al. “Implications for the Origin of GRB 070201 
from LIGO Observations”, Ap. J., 681:1419–1430 (2008). 
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The Stochastic GW Background: Beating BBN!

• An isotropic stochastic GW background could come from:
      - the primordial universe (inflation)
      - an incoherent sum of point emitters isotropically distributed over the sky
•  Preliminary LIGO s5/VSR1 result: Ω0, LIGO < 9.0 x 10-6

 



  

Gravitational waves

The two main future projects are Advanced LIGO and 
LISApf/LISA

2011: Cardiff hosting international conference on GW 
(Amaldi)



  

Neutrino Astronomy
Science areas:
Cosmology:
Supernova background
Cosmological neutrinos 

High Energy Universe:
Emission from AGN
GZK neutrinos
Supernovae

Other:
Solar physics
Geophysics/Atmospheric

Fundamental particles:
Neutrino mixing angles 
Neutrino mass hierarchy
CP violation



  

Neutrino Astronomy

So far: Limited to Solar, SN1987A, terrestrial



  

Cosmic Rays
Auger South construction is completed and has begun 
science operations. These are expected to last > 10 
years. The UK has a leading role in science from 
Auger. Precision measurements of cosmic ray 
spectrum up to > 100 EeV (1020 eV)
STFC has not funded further UK contribution to GZK 
neutrino experiments other than general radio facilities 
(LOFAR, SKA)
STFC has not funded UK participation in construction 
or operation of a next generation cosmic ray facility



  

CMB general
With CMB(+LSS,SNIa,etc.) you can detect everything 
indirectly:
● Dark matter
● Gravity waves
● Neutrinos
● Exotic particles

UK participating in PLANCK science and other projects 
such as SPT, ACT, EBEX, SPIDER, etc.

- Detection of CMB lensing signal

- Constraints on neutrino masses

- Constraints on primordial power spectrum

- Searches for exotic particles/phenomena (cosmic 
strings, monopoles, etc.) 



  

CMB polarisation
Detection of the imprint of gravitational waves on the CMB 
polarisation would give unique information on the initial seeds of 
structure in the universe.

Uses the surface of last scattering as a gravitational wave 
detector. 



  

Summary
Large discovery potential in PA experiments

e.g. Dark matter, gravity waves

Large potential for new windows on the universe

     Gravity waves

     Neutrino astronomy

     CMB polarisation

     Gamma rays

     Cosmic rays
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