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Fermi LAT Project

All Particle CR Spectrum
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Fluxes of Cosmic Rays
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Energy {eV)

This is an astonishing observation!

cutoff?

|1||
102 11:11

All particle CR spectrum is almost
featureless:

-the knee

-the ankle

-6ZK cutoff

These are the only features in >12
decades in energy and >32 decades in
intensity!

However, there is a lot of information
hidden in the spectra and abundances of
individual CR species: nuclear isotopes,
antiprotons, electrons, positrons
(+diffuse gamma rays)

All of physics is involved: various
branches of Astrophysics, MHD, shock
waves, plasma physics, atomic, nuclear,
& particle physics, exotic physics -
SUsY..

CRs are the only direct probes of the
interstellar material available to us.

Troy A. Porter, Santa Cruz Institute for Particle Physics

TeV Particle Astrophysics, Beijing 2008
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Equivalent c.m. energy \Epp (GeV)
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Troy A. Porter, Santa Cruz Institute for Particle Physics TeV Particle Astrophysics, Beijing 2008



“B_"CR propagation: the Milky Way galax

Optical image: Cheng et al. 1992, Brinkman et al. 1993 1 pc ~ 3x1018 cm
Radio contours: Condon et al. 1998 AJ 115, 1693 -

: Intergalactic space
R Band image of NGC891 .

1.4 GHz continuum (NVSS), 1,2,...64 mJy/ beam

"Flat halo" model (Ginzburg & Ptuskin 1976)

Troy A. Porter, Santa Cruz Institute for Particle Physics TeV Particle Astrophysics, Beijing 2008
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CR Interactions in the Interstellar Medium

SNR RX J1713-3946

160
42 sigma (2003+2004 datd){{ 140
.
[~ -40d0" . ‘
HESS

PSF 17h15m 17h11m .

' | 2rgy losses

: reacceleration

- - convection e -

i\

J‘W!!g - 20 6GeV/n

oy | (R species:
> Only 1 location
» modulation

Troy A. Porter, Santa Cruz Institute for Particle Physics TeV Particle Astrophysics, Beijing 2008


http://universe.gsfc.nasa.gov/astroparticles/programs/bess/BESSGroup1_2004.jpg

@ Nuclear component in CR: What we can learn?

[S’rab.Le‘secondar'ies:l
Li,Be, B, Sc, Ti, V Propagation \H

- 1 . parameters:
[ adio (t;,,~1 Myr): Diffusion coeff., halo
10Be, 26Al, 36Cl, 34Mn

size, Alfvén speed,
convecti

K-capture: 37 Ar 2\,

SiCr; °Fe 2408

‘Energy markers:

Reacceleration,

d ‘ solar modulg
-[Shor"r t,,, radio o

* & heavy Z>30

. ) Local medium: ]
Local Bubble
[ Heavy Z>30: ]

l
Cu, Zn, Ga, Ge, Rb

-

Material & acceleration

sites, nucleosynthesis
(r-vs. s-processes)

\ .

Troy A. Porter, Santa Cruz Institute for Particle Physics

-

Extragalactic
diffuse y-
rays:
blazars, relic
neutralino

TeV Particle Astrophysics, Beijing 2008
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e

>

anti-matter

- marter -

SUSY  smmee

CR and y-ray instruments

. pbar

L anti-d -H
e’

e

P

 He

. Z<8
 8<Z¢28

- Z>28

i WIMPs

2

1 MeV/n

1 GeV/n

1 TeV/n

Troy A. Porter, Santa Cruz Institute for Particle Physics

TeV Particle Astrophysics, Beijing 2008
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“®m  Direct vs Indirect Measurements of CRs i

* Direct measurements from deep inside heliosphere
— Good data < 200 GeV/nuc, even less < 30 GeV/nuc

* Indirect via observations of radio, X-, y-rays produced by
p. a, e*, etc. during propagation in ISM
* e* observed through annihilation + IC + radio

° yY-ray instruments probe CR energies much higher than the
observed y-ray energies

- IACTs (E,>100 GeV) » E_ ~ TeV energies
— Fermi (20 MeV<E <~100s GeV) - E_ < 1 TeV comparable to
some direct measurements (PAMELA, PPB-BETS)

* Indirect measurements provide snapshot, direct
measurements average of 10s Myr in ISM and kpc scales

* Big issue is connecting what we see deep in heliosphere to
IS space - Fermi-LAT will provide first way of doing this!

* To understand DM, CMB studies, need to understand CRs

Troy A. Porter, Santa Cruz Institute for Particle Physics TeV Particle Astrophysics, Beijing 2008
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Fermi LAT Project

Inverse Compton scattering

The heliosphere is filled with
Galactic CR electrons and solar
photons

*electrons are isotropic
*photons have a radial distribution with

v i>v
High energy e- initially ) )
e- loses energy outward direction

Troy A. Porter, Santa Cruz Institute for Particle Physics TeV Particle Astrophysics, Beijing 2008
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Anisotropic effect on solar photons

0..
.

A

dE, 1[R[ dLin) Head-on collision:
des 4 Ld:c 2 de de E ~Y 2v
/d dnyy(e1, ) dR(7e: €1) Y e 'bb
- ' deq des

10 GeV e =100 MeV vys

Target photons:
p = 0.25n,,(R./r)?
T, = 5770 K

Following collision:
E ~(1/v)vvy, ~ vy,

Troy A. Porter, Santa Cruz Institute for Particle Physics TeV Particle Astrophysics, Beijing 2008
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Inner Heliospheric Probe

Looking in different

. : 0.1
directions one can

probe the e-spectrum ., [

at different distances
from the Sun!

Troy A. Porter, Santa Cruz Institute for Particic riysivs

Flux,;. ~1/r :

p,. (AU) = sin@, ©<90°

suni

]

1 10 100
0 (degrees)

Tev ruriicic Nd11VpPINyaiLy, peljiny cvvo



Fermi LAT Project

The Ecliptic

Averaged over one
year, the ecliptic will
be seen as a stripe
on the sky, but the
emission comes from
all directions

Integral Intensity
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Troy A. Porter, Santa Cruz Institute for Particle Physics
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Differential Spectrum

IC spectrum < 1 GeV
shows strong

102

S0 dependence on the
T L modulation level
- .
[:H] 10—4:‘— ° °
= — variations of y-ray
& P flux over the solar
10°
cycle
T‘ 1 | IIIIII| | IIIIIII| | IIIIIII| 1 | IIIIII| | | IIIIII|
1 10 10° 10° 10 1n°
E, (MeV) Table 1. All-skyv average integral intensity
IC infegr'al flUX E Ty =0 500 MV 1000 MV
F(>100 MeV, 6<2.5°) ~ 2x107 cm2s  -10Mev 66 5o
=100 MeV 0.8 0.7 0.5
=1 GeV 0.0 0.05 0.05
EGRET upper limit = 2x10-7 cm-2s-!
Note. Units 107% cmm ™% 571 s,

Troy A. Porter, Santa Cruz Institute for Particle Physics TeV Particle Astrophysics, Beijing 2008
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Found in EGRET datadl

x 107 > 100 MeV

i

Thompson et al. 1997: E a
Upper limit 2x107 cm2 s o |
E alenkg, Porter, Digel
Reanalysis by Orlando, N .. M
Petry, Strong 2007: Sl |
Discovery of both solar ’

4

extended inverse a—
Compton-scattered The evelof oo prediced 1 modelfus ad the preciced dis ton 171 ne shown 1 e fopoine st (60
radiation in combined
analysis of EGRET data

from June 1991l

x 107

total+bgrd
I

] 0.3 1 1.3 2 23 ] 3.3 d
FIGURE 2. Fitted model counts of the main components centered on the Sun. From left to right: Sun disk, Sun IC, moon,

3C 279, and the total predicted counts including uniform background. The colors show the counts/pixel, for 0.5%= 0,57 pixels,

Troy A. Porter, Santa Cruz Institute for Particle Physics TeV Particle Astrophysics, Beijing 2008
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EGRET Observations of the Moon

THOMPSON ET AL.: GAMMA RAY OBSERVATIONS OF THE MOON AND QUIET SUN

100 1000 10000
Table 1. EGRET Viewing Periods for Observations of the Moon
WViewing Neutron Monitor,
Period Start End ! b cts/(hr/100) .
0110 Oct. 5, 1991 0925 Oct. 9, 1991 1330 294.25 63.67 2023 \”\ = Model (Solar Min)
) Feh. 2, 1992 2109 Feh. A, 1992 1514 5815 —43.00 2068 x:.q \
0400 Sept. 22, 1992 0840 Sept. 25, 1992 1615 195.90 44.71 2246 107 E o ,, Madel (Snlar Max) 107
3070 Now. Y, 1993 1347 Nowv, 12, 19493 0230 268.649 6Y.24 2336 C -.,‘~ -
3170 Feb. 17, 1994 1600 Feb. 19, 1994 1034 158.48 —45.38 2294 i W Muorris, 1984
3200 March 9, 1994 2030 March 14, 1994 1345 83.09 —45.47 2244 I _\d;)__
4050 Nov. 29, 1994 1527 Dec. 1, 1994 0915 306.67 56.54 2319 i T Muode] scaled based
4070 D, 25, 1994 0940 Do, 29, 1994 0245 334.33 62.98 2340 - " .
) 00 nentron momnitor
Here, [ is galactic longitude; b is galactic latitude. m-! - “}l
>
20 —.1.00e-05 ﬁ
6.46e-05 o
15 N
L 49 1
5.93-05 g 0 F 10
10 [
115.37e-05 -
! o i
5 §4.83¢-05 &
10 b 100
3 3
b 4,27e-05 L
En 0 L
T4e-05
-3
18¢-05 101 B 1001
-10 - .1
62¢-05 [ © 1993-94 (ncar Solar Min)
. L @ 1991-02 (near Solar Max)
- .08e-03
lﬂ.ﬂ L1 1l et sl (AN 1ﬂ.]1

-2020 5 10 5 0 5 4 5 43 13588 1w 0 -
Point source~@ 100 MeV ~200 y-rays»100 MeV

Troy A. Porter, Santa Cruz Institute for Particle Physics TeV Particle Astrophysics, Beijing 2008
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Moon Gamma-Ray Albedo

&

10°E
i i EW U Nuclear de-excitation liLes
Kinematics of the B + heutron capture
interaction: i Pi
i ion decay
— Cascades deyelop into 5L N = 500 MV (upper)
surface & high energy = 2 =1500 MV (I
y-rays from tangent to = ,,.[ b ) (Igwer)
surface w: E outer 5 Data: EGRET
— Splash pions are low- 2 10°F inner 20" O\
energy and decay at 2 L
“w " : = 10 E‘E N
rest S1ovE \ ;j
= . . A
% R( u-1ﬂ'11|=— Fer'ml—LAT l—y
: P.a) s N\
o : \1
“11« 1{}'12_? II'.IE___%__
: E Moskalenko & Porter '07
W lll\:\‘ 1{}-13“ L1 IIIIII| Ll IIIIIII L1 IIIIII[Iu | 1]%-_
Jrozd 1 10 107 10° 10*
I E, (MeV)
R The agreement is remarkable: no free parameters

Troy A. Porter, Santa Cruz Insti

tute for Particle Physics

TeV Particle Astrophysics, Beijing 2008
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A Zoo of Small Solar System Bodies

. . m . .
Jovian Trojans, Bes | Neptunian Trojans
2 |
. |
Main Belt1 | BSN | g
Ly O ' Kuiper belt:
| - Classical Disk Oort cloud |
= ? z :::l =5 . |
Y o g & 2 *Scattered Disk \
& e 35 2 . I
£ 7 3§ 8 8 *Plutinos '.
LL = vy 2O Z2 0o |
Comets : 1
Kuiper belt and ;  Oort cloud region :
scattered disk region | (becomes spherical beyond about 5,000 AuU) |
] |
— e T . T |
1 AU 10 au 100 au 1,000 auy 10,000 Au 100,000, au
|
. |
| i
Asteroid belt : :
Table 1 The primary cometary reservoirs of the Solar System
Kuiper belt Oort cloud
Shape Disk-like Spheroidal
Distance range 30-1,000 au 1% 10%1 x 10% au
Comet population ~5-10% 10° 1% 10""-5x 102
Estimated mass (including smaller debris) ~0.1 Mg 1-60 Mg
Ambient surface temperatures 30-60 K 56K
Crigin Largely in sifu Ejected material from the Kuiper belt and

Retum mechanism from the reservoir

o

Dynamical chaos due to planetary

perturbations and collisions

outer-planets zone
Perturbations due to passing stars, galactic
tides and molecular clouds

Troy A. Porter, Santa Cruz Institute for Particle Physics

TeV Particle Astrophysics, Beijing 2008
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Hot Topics

Formation and evolution of the planetary system and exo-solar
planetary systems

- 1992 (Jewitt & Luu) - first object beyond Neptune since
Pluto

- 2004, 2005 (Sheppard & Trujillo) - discovery of Neptunian
Trojans (L4); L5 is currently in the direction of the GC

- Ejection of material into distant eccentric orbits (Oort
cloud)

- Orbital precession (expansion/contraction) of the giant
planets and SSSB families (Neptune: 20 AU -> 30 AU;
Kuiper belt)

The number of small solar system bodies in different dynamic
families and their size distribution

- Formation of planetesimals
- Pristine material
- "Freeze-in" capture (Trojans)
* Probe of interstellar spectrum of CR protons + He

Troy A. Porter, Santa Cruz Institute for Particle Physics TeV Particle Astrophysics, Beijing 2008
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e

2. SMALL SOLAR SYSTEM BODIES

The asteroid mass and size distributions are thought to
be governed by collisional evolution and aceretion. Col-
lisions between asteroids give rise to a cascade of frag-
ments, shifting mass toward smaller sizes, while a small
body impact with a much larger asteroid leads to the
growth of the latter. The first comprehensive analyti-
cal description of such a collisional cascade is given by
Dohnanyi (1969). Under the assumptions of scaling of
the collisional response parameters and an upper cutoff
in mass, the relaxed size and mass distributions approach
power-laws:

dN =am % dm (1)
dN =br~"dr, (2)

where m is the asteroid mass, r is the asteroid radius, and
a,b, k,n are constants. These equilibrium distributions
extend over all size and mass ranges of the population
except near its high-mass end. The constants in eqs. (1),

Collisional evolution & accretion

Relaxed size distribution n=3.5
(assuming scaling of collisional
response parameters)

-Scaling breaks...

- Jedicke & Metcalfe'98

104 | Binzel+'99
' Tedesco & Desert'02

» | Cheng'04 .
10° , .,
Tedesc|o+ 05 | | o
102 103 104 10° 108 107

Radius, cm

Troy A. Porter, Santa Cruz Institute for Particle Physics

TeV Particle Astrophysics, Beijing 2008
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Connection of Heliosphere to ISM
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Fermi LAT Project

A Model of CR Propagation in the Galaxy - GALPROP

Troy A. Porter, Santa Cruz Institute for Particle Physics TeV Particle Astrophysics, Beijing 2008
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How It Works: Fixing Propagation Parameters

Diffusion coefficient

04 L ! L | ! LR | ! L | ! L ! ! '_ 1|:|31 3 -
B/C Data: i ) ) .
0.35 | . . Plain diffusion 0.6-.4 0.5
¥ Voyager Parameters (model 107 [ ff s
03 soees 1 dependent): I L t ]
0.25 % HEAO-3 D ~ 1028 (p/1 GV)* cm?/s Ng Y 0.33_‘ _:
0 0 #0.3-0.6 E N\ =
| Z, ~ 4-6 kpc =" Self-consistent
0.15 h 30 km/ 107 £ .
0.1 (Vs m/s) olmogorov
( a7 L ! 1 1 L
0.05 % Tt w0 10?1
&/b Rigidity, GV
0 1 P 1 .| L | L M| L L 06 I B I - I _ I
10 100 1000 10000 100000 1e+06 I RGdiOIClCTiVQ iSOTOF;CSZ
- ® [SOMAX TOF . .
Ek, MeV/nucleon 051 m I1SOMAX CK Galactic halo size Z,
- O ACE -
Using secondary/primary nuclei ratio & flux: 04 - © Ulysses
. . .. . . 3 i Voyager 1, 2
- Diffusion coefficient and its index N Rl -
* Propagation mode and its parameters (e.g., o | > ISEES3
reacceleration V,, convection V,) T 02
- Propagation params are model-dependent -
. . 0.1 — Diffusive halo model
* Make sure that the spectrum is fitted as | = Leaky box model
v Z, increase
We” 0 - 1 | |||||||_ ] Lo vl Lo gl 1 L
102 10 10° 10

Troy A. Porter, Santa Cruz Institute for Particle Physics
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___Discrimination of the propagation models

0.35_ IICEIIII T I/ﬁT T T T TTTTTT T T T TTTTTT T T T IIIII_
_A / i 1 B/IC ]
0_3[}: @ =500 MV b
025 = -
@) 020 —— standard diffusion model 7
—— Turbulent diffusion
B I Wind mode|
0.15 B --- Minimal reacceleration i
+ ACE-98 ]
L v ISEE-3 ] .
010 Voyager 1, 2 eacceleration
C ® HEAO-3 ]
- m UNH (CRID) 1977 (Chappell, Webber)
0.05 o University of Chicago 197374 (Dwyer et al.)
J ones+ 'O1 - Webber ot al. 1985 Standard diffusion
O Ll | L rtl | Ll | | Ll 1 1 IIIIII_
101 10" 101 102 108
Energy (GeV/n)

The data were taken at different times (1980-
now) in different energy ranges and by different
instruments, so the probability of systematic

errors is high.

Different propagation
models are tuned to fit
the low energy part of
sec./prim. ratio where the
accurate data exist

However, the differ at
high energies which will
allow to discriminate
between them when more
accurate data will be
available

The sharp peak at ~1 GeV/
nucleon seems to be
confirmed by Pamelal

Troy A. Porter, Santa Cruz Institute for Particle Physics

TeV Particle Astrophysics, Beijing 2008
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B/C from CREAM

Aaﬁ‘ig)o

Recent CREAM data extend B/C to ~1 TeV/n

_I| T rrrmm 1 IIIIII| | IIIIIII| | II_
*HEAO-3
OCREAM

—
T

B/C Ratio

* Antarctic balloon flight
2004/2005 summer (42 days),
~40 km altitude (~4 g cm2?)

* Pathlength distribution jx< R-®
- & ~ 0.6, consistent with data < 107}
30 GeV/n [

-Ell | IIIIIII| [ IIIIII| I 1 IIIIII| -r- (|
0y 10 10° 10
Energy(GeV/n)

Ahn et al. (2008) arXiv:0808.1718

Troy A. Porter, Santa Cruz Institute for Particle Physics TeV Particle Astrophysics, Beijing 2008



Fermi LAT Project

EGRET-Optimised model
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Fermi LAT Project

EGRET -Optimised/Reaccleration model

USQS g_s& and on‘l’lpro‘tons & gammas antiprotons T
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> Uses antiprotons to fix 3 PLNY
the intensity of CR nucleons @ HE ke
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| INTEGRAL / SPT Galactic emissiorf
20 - 50 ke 50 - 100 keV

100 - 200 keV 200 - 600 keV

Min S 42 Max

Bouchet et al 2008 ApJ 679,1315

Troy A. Porter, Santa Cruz Institute for Particle Physics TeV Particle Astrophysics, Beijing 2008
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CR Electrons and Positrons
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Fermi LAT Project Inters"'e"ar‘ Radia'l'ion Fie|d

e P

* Emission I?y stars and Local ISRF
reprocessing by dust :
* MC radiative transfer _
calculation = self-consistent v
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Gamma rays, inner Galaxy

= [ +
qaldef ID 53_6102020RG IC = primary + secondary leptoons
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Porter, IVM, AWS, Orlando, & Bouchet ApJ 682, 400 (2008)
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Same model at MILAGRO energies

MILAGRO collab. + IVM, TAP,
AWS ApJ in press (2008)

IC or m®-decay?

Troy A. Porter, Santa Cruz Institute for Particle Physics TeV Particle Astrophysics, Beijing 2008
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synchrotron skymap survey

Synchrotron Surveys

2ZMHz. synchrotyon_skymap_survey

Fits. 0

synchrotron skymap survey 150MHz. fits_0

22 MHz

synchrotron skymap_surwvey Z2Z2800MHz.fits_ 0

408MHz.fits 0

synchrotron skymap survey

synchrotron skymap surwvey 2326MHz.fits O

2.3 GHz

Troy A. Porter, Santa Cruz Institute for Particle Physics ' ' TeV Particle Astrophysics
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Radio Spectrum Northern Galaxy

Same model (optimised), random + reg B-field, electrons + positrons
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Model based on gamma-rays gives a good fit to the radio data

Troy A. Porter, Santa Cruz Institute for Particle Physics TeV Particle Astrophysics, Beijing 2008
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Interstellar Radiation over 20 Decades in Energy

mw_isrf galdef ID 54_610202rfS
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“®  Interstellar Radiation over 20 Decades in Energy

A

Intrinsic connection between the diffuse Galactic y-ray
emission in different energy ranges:

- 100 keV - few MeV: IC emission by CR electrons and positrons
on optical & IR radiation (primary + secondary electrons and
positrons)

- 100 MeV - 10 GeV: produced by protons via m°-decay; these
protons also produce secondary positrons and electrons

- 10 GeV-10 TeV: Produced via IC scattering of primary
electrons on the same optical & IR photons

Also same electrons and positrons synchrotron radiate off Galactic
magnetic field » produce diffuse emission in MHz-GHz frequency
range

Troy A. Porter, Santa Cruz Institute for Particle Physics TeV Particle Astrophysics, Beijing 2008
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m, Cosmic Rays in Other Galaxies: Magellanic Clouds

Type: Im IV-V
Magnitude: 2.3

Size: 280 x 160 arcmin <kpc
Distance: ~60 kpc

Type: Irr/SB(s)m
Magnitude: 0.9

Size: ~10°x10° ~few kpc
Distance: ~50 kpc

Troy A. Porter, Santa Cruz Institute for Particle Physics

TeV Particle Astrophysics, Beijing 2008



Fermi LAT Project

Summary: EGRET Observations

LMC detection: CR density
is similar to MW

SMC non-detection: CR
density is smaller than in
the MW (otherwise it would
be ~2.4x10-7cm-2 s-1)

First direct evidence:

CRs are galactic and not
universal !

M31 non-detection: has to
have smaller CR density
than the MW (size
M31>MWI)

Lww(>100 MeV)~5.4x10%° erg/s (SMROO)

~3x10%3 phot/s

Fw(@M31 distance) ~ 4.4x107cm2 st

/SOLII"CC

LMC
SMC
M31

Troy A. Porter, Santa Cruz Institute for Particle Physics

\
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(1.9+0.4)x107
<0.5x10~
<0.8x10~7
Sreekumar et al.(1992-94y

g —— -
i Bl a Y : S

e D.l Hg 3 { [ *Il
» ’ --"-II - : 8
1 U
3 -30 e 3 ; . .
t L lka : [
.71' - - ‘-"\. - i
o U L ] T . }
i r\"-\._.-“"\nllll H -

-40

a5 H,ru *;J>

300 290 zan 270

Fac. |~——Contour plod (shightly steoo thed For

Galactic longitude

claniy) of obhserved intensaty

from the LMC region (combined data from the two observations) afer hack-
ground subtraction. The n.::.'mmur lewvels (0, 5, 104 are in units of 107 % photons
[E = 10 Me¥) e~ 7

27 sr T The spadal extent is consisient with thal ssen
&l raudhio fregueencies ([ ~ 2753"-ZH2

o~ 37 1o HF) Additional small

repgions seen &t the 5 = 10 ® level pre mot statisticn ally significant.

|92

TeV Particle Astrophysics, Beijing 2008




Fermi LAT Project

Extragalactic 6amma-Ray Background
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Predicted vs. observed
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Extragalactic 6amma-Ray Background
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Examples of Dark Matter Signatures in CRs

Diffuse gammas Antiprotons
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Look for a consistent signal in diffuse gamma rays, and

CRs (antiprotons, antideuterons, positrons)
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Positrons

Electron and positron fluxes
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Fermi LAT Project

The “haze” at the Galactic Centre (WMAP) i
g

S;ynchr'o’rr'on emission from leptons produced in WIMP annihilations

*|n 2004, Doug Finkbeiner
suggested that the WMAP Haze
could be synchtrotron from
electrons/positrons produced in
dark matter annihilations in the
inner galaxy (astro-ph/0409027)

*In particular, he noted that:

Troy A. Porter, Santa Cruz Institute for Particle Physics TeV Particle Astrophysics, Beijing 2008



Fermi LAT Project

Summary

A

* We are making progress toward directly connecting the CR
spectra we see in the heliosphere to the interstellar
medium

* We are also developing a multi-wavelength picture of the
diffuse emission from standard astrophysical processes

* Both of these are crucial for understanding many current
topics
* We look forward to data to come from PAMELA, Fermi-

LAT, and other instruments - this is a very exciting time
for cosmic rays physics!

Troy A. Porter, Santa Cruz Institute for Particle Physics TeV Particle Astrophysics, Beijing 2008
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Cosmology

* Synchrotron + dust emission
important foreground for CMB
experiments

* Provide important information about
GMF

Kogut et al 2007: WMAP polarised index 22-33 GHz

Troy A. Porter, Santa Cruz Institute for Particle Physics TeV Particle Astrophysics, Beijing 2008
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