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The Galactic hade by WMAP fFriveinerbo04

Excess of microwave emission in the dalactic center
Ultra-relativistic electrons
» lose energy due to synchrotron

) oy, I
tome = 10°0Yr(— )72 (—)F"
sync l'(“(;) (G-"\')

How are the kept relativistic?

» Source generating high energy
electrons

Figure : Finkbeiner-2004
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The Galactic haze by Planck [Planck Collaboration 1X-2013]

Examples

v

Dark matter annihilation (xopper et ai.-2008)
Gamma I‘ay bUI‘St [Broderick et al. not published]

v

Our goal

» model for energy lose and sources

Figure : Frequencies of 30 (red) and » maps of source

44 (yellow) GHz
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The Synchrotron radiation
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Figure : Credit: Longair M.S.

Accelerated electrons radiate
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Synchrotron spectrum

spectral distribution r—

\OC
F (') — & / [\—,',f-";; ( 2 )(/-'. Bessel second kind
LY. M
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Aproximation by o(x — )

F'(x) is a picked function

V373 B 8w ~dFE
P(vp) = Y1 n(Eo)— |, -

me? 94/3 dv
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Diffusion equation
PHYSICAL PROCESS

» Cooling due to synchrotron emission
» Diffusion due to tangled magnetic field
» Source of electrons

Diffusion equation

GE) o K (f-/-'} ,],.]) Q(E)
7 \ nl L T e I | VAP o B
| 1: . 9 ]4
b(E) = _—rr,r( ,)) U, KV°n(FE)-— k)
3 1) P L diff
Steady state:
| _
( - b ) n(E)+ b(E)n' = Q(E),
L diff
B = 5uQG,
L = 4xKpe,
tagitft = O X 107Yr.
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WMAP data

WMAP

- -

band K = 23GHz.
band Ka = 33GHz.

2!\'1-/2 o

bandQ = 41GHz. [ = —Tant

bandV = 61GHz.
band W = 94GHz.

Pirsa: 14120049 Page 12/77



Procedure

For each pixel in each map

.)A'f":
y ¥ __ wp
> [ — D T 2D ]ant

» Equate with definition of intensity:

V3q°B 8= v \dE
me< g)v";;”(I’Wp)W

. ] . l‘zgl.f}jp’ 4
Ew — D — 2D Iant

» Solve for n(Ewp)

» Assume a power law behavior n(E) = nyE~¢ and fit for the
parameters

» Use the diffusion equation to solve for Q( Fup).

l " : & i :
( ) )m/: ) + b(E)n QE),
Ldiff ;

FOR EACH PIXEL IN EACH MAP | HAVE Q(FEwp). wse of Heacrix
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Source for B = 5uG

K-band Ka-band
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Source for B = 5uG

K-band

23 GHz WMAP haze (FS)

o
-

0

[mK]

3 GHz)

(vi?

0.05

WMAP
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In this work we have constructed maps for a source for
Ultra-relativistic electrons

» Morphology of synchrotron rather than haze,

» negative values for Q
» bad choice of the model
» bad choice of the pixels
» remove synchrotron?
» high dependence on different Frequencies bands, result also
seen in previous works.

» high dependence on the magnetic field.

FUTURE PPERSPECTIVES:

» With current data and model
» Propose functional for of Q, power law, gaussian, exact solution
and fit the parameters
» mask the galaxy and make statistics
» subtract synchrotron and analyze morphology

» modified model
» Diffusion equation dependent on the position and distribution of

magnetic field
» make HEALPix maps of expected radiation
» compare morphology with Haze and fit free parameters.
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Intro to Supernova

2 types of overarching

mechanisms "
1a: accretion of ; i
companion onto white |
dwarf §
All others (1b/c, I1): { | il
core-collapse or pair 55
s aifs L
instability | i
Core-collapse leaves 1l "7

remnant (NS/BH)

SN Ib/c

B o e i B gy
> s
¢ BHbymeck ¢
woak SN) .

M @ 60 100 140 260

initial mass (solar masses)

Heger, et. al. 2003 ApJ 591, 288-300
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Intro to Supernova

 2types of overarching ' | SN Ib/c
mechanisms 1R 8 ™

+ 1la: accretion of A Q =
companion onto white | AN
dwarf o

« All others (1b/c, Il): { | il
core-collapse or pair ' 53 3 ,,,,,
4 wikis 1§ {88
instability | T H

* Core-collapse leaves 1 [ S A | !

remnant (NS/BH) s nn I

Heger, et. al. 2003 ApJ 591, 288-300
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Core-Collapse

* Massive stars, 10-40
Msun

* 10°3 ergs of energy, 99% v

* 2 schools of thought on
explosion mechanism

* Shock bounce from NS

formation
* Shell removal

immediately (fine tuning : .

of EOS) http://upload.wikimedia.org/wikipedia/
* Shell removal after shock commons/thumb/e/e9/

neutrino heaﬁng Core_collapse_scenario.png/480px-

Core_collapse_scenario.png
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Simulations

Thermal Neutrinos:
Fermi-dirac distribution

Nearly no chemical
potential

Non-zero mass reduces
luminosity at high and
low energies

Shape probes explosion
mechanism: shock
transparent to v

,:_|[=7§'-'|" 'r"‘r|----|-“|l|---—?

- i v, Number Luminosily

) 0.1

“ 100 b /] ' : . Numerical Model

g E [ 058 N\

Rt y S Fe F

E 5
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::::. f 4 \‘:\. %

7 - ’ X

- L 4 \ ;

- 104 } ) S » . \ 1

7 ¢ I/ N A S 4

o | LT

= V o R

3 {/ \"

p 107 = (/16 sec after bounce \"' \

@ s | \ N e N

3 P NN\

= joe bl Lol Ll R WP\ W
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Neutrino Energy [MeV]

Totani T., Sato K, Dalhed H.E., Wilson J.R., 1998,
AplJ 496, 216-225
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SN 1987

Supernova 1987A Rings
* Most Recent Supernova

* Core Collapse ™

 ~20 Neutrinos detected
by Kamiokande Il and
IMB

* Schematically
consistent with theory

* E,~10-30 MeV

Hubble Space Telescope
Wide Field Planetary Camera 2

el AL
é o TRUSLOL

g O e——
ANl

http://chem.tufts.edu/science/astronomy/images/sn1987a.jpg
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Simulation for Super K

- 1
; [m” i D 90 kpc '
+ 15xvolume of KIl v
* Est. 1072 events at R

pa—F——ey oy ]
]

50kpc " opH—— ]
+ 1074 events at 10kpc = * - =t
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Totani T., Sato K, Dalhed H.E., Wilson J.R., 1998,
Apl 496, 216-225
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Flux Problem

 Signal decreases a D? * Asiago SN catalogue

« At 700 kpc contains 6447 SN from
(Andromeda), Super K 1885 to Nov 2014.
detects 0.5 events per * All types, All distances
SN « At 100 detections per

* Need 200 SN events at year, 100 years of
700 kpc of same type. observations

* At 10 Mpc, 0.01 events,
need 10% SN of same

type
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Neutron Star

SURFACE and INTERIOR
!qmmumal <
CORE:

A 4 CRUST:
Homogeneous . | 1
Mattar

B Neutron
i Superfluid

= ATMOSPHERE
ENVELOPE
CRUST
1 QUTER CORE
M ;h;.iilwtl INNER CORE
field

Polar cap

Cone of apan
. magnetic
field

_lines

e
\\\\'\\
Neutron Superfluid .

Neutron Superfluid +
Neutron Vortex Proton Superconductor
Neutron Vortex
Magnetic Flux Tubs

Pulsars
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Pulsar

Rotation
axis

Pulse

® Earth

No pulse

Figure: A Pulsar
(Credit: http://crab0.astr.nthu.edu.tw/ hchang/gal/ch23-01.htm)

() Pulsars December 11, 2014 4 /21
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© Braking Indices

FPulsars December 11, 2014
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Braking Index (n)

The rate of loss of rotational energy by magnetic dipole radiation is
given by
9E _ 10— _ 82R6Q4sin2a.
dt 6c3

In general, the pulsar spin down law is given by

Q=-KQ"

n = 3 for magnetic dipole radiation
n = 5 for gravitational radiation

n = 1 for radiation due to relativistic particles

December 11, 2014
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Observed Braking Indices

{SR B1509-58
&SR J1119-6127

$SRJ1846-0258 &£SR B0540-69
$SRJ1734-3333
Jela

Pulsars December 11, 2014
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Observed Magnetic Field

PSR J1846-0258

5|
&£SRJ1734-3333
$£SR J1119-6127

&SR B1509-58

$£SR B0540-69 Crab

20 25 30
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Timescale for B evolution

$SR B1509-58
&SR J1734-3333

Jela

&SR J1119-6127

&rab
&£SR B0540-69

&SR J1846-0
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Different Diffusion Terms

e Ambipolar Term

0B 1 J JxB
5=~ (i 2+ D)

@ Ohmic Term

e Hall effect term

8—B=—CV>< (—l(va)+i+Jx B)
Ot ¢ o Ne€C

December 11, 2014
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Various Diffusion Timescales

Pnu

L2 T2
Tha”=5><108(58)(p)yr
Bi2 Pnuc

L2 T2
Tambip = 3 X 10° (%) yr

(145 x 10-7L2TY)
Tg B

Tyribin = B % 10%° yr.

Source :[Zhang and Xie, 2012]

December 11, 2014
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Various Diffusion Timescales

Ohmic

Hall

Sole Ambp
Irr Ambp

> g .
Pulsars
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Ohmic Diffusion and diffusion due to hall effect

8.5

radius(km)

Pulsars December 11, 2014
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Different Diffusion Terms

e Ambipolar Term

0B 1 J JxB
5=~ (i 2+ D)

@ Ohmic Term

e Hall effect term

8—B=—CV>< (—l(va)+i+Jx B)
Ot ¢ o Ne€C
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Various Diffusion Timescales

Pnu

L2 T2
Tha”=5><108(58)(p)yr
Bi2 Pnuc

L2 T2
Tambip = 3 X 10° (%) yr

(145 x 10-7L2TY)
Tg B

Tyribin = B % 10%° yr.

Source :[Zhang and Xie, 2012]

December 11, 2014
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Ohmic Diffusion and diffusion due to hall effect

8.5

radius(km)

Pulsars December 11, 2014
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Conclusion

We investigated the effects of magnetic field evolution on the pulsar
braking index.

For observed values of braking indices less than 3, the surface
magnetic field of the neutron star should increase with time.

We also investigated the evolution of «, the angle between the

rotation axis and magnetic axis of the neutron star.

Although variations of B and « fit observations, moment of inertia,/
could also vary.

Independent measurements of B and « are needed to prove or
disprove either hypothesis.

Pulsars December 11, 2014
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The End

Pulsars

Pirsa: 14120049 Page 48/77



.

PERIMETER H INSTITUTE FOR THEORETICAL PHYSICS

11:82:39:15

irsa: 14120049 Page 49/77




Correlation Between IGM Metallicity and Magnetic field

Michael

University of Waterloo

December 11, 2014

December 11, 2014 A
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© Conclusion
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EETTICTNGE  Magnetic Field

Causes of IGM magnetic fields

Based on model developed in (BVEO6)

@ Three known mechanism can carry seed magnetic fields from galaxies
to IGM
o Primordial magnetic fields: potential contributes but relies on

amplification to become relevant to observations
e Jets and radio lobes which match observational data where they are

present

e Galactic winds carrying out magnetized interstellar gas and supernova
ejecta.

Michael (UW) December 11, 2014 AR
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EEETICITNGI  Magnetic Field

Causes of IGM magnetic fields

Based on model developed in (BVEO6)

@ Three known mechanism can carry seed magnetic fields from galaxies
to IGM
o Primordial magnetic fields: potential contributes but relies on

amplification to become relevant to observations
e Jets and radio lobes which match observational data where they are

present

e Galactic winds carrying out magnetized interstellar gas and supernova
ejecta.

Michael (UW) December 11, 2014 3 /113
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T TICITNGI  Magnetic Field

A tale with 2 models

We have 2 models presented

Conservative: only incorporates release and transport of magnetic material
to IGM these likely represent lower limits to magnetic fields
caused by galaxies.

Optimistic: incorporates an idealized amplification though shear flow in
the winds and Kelvin-Helmholtz instability. | won't be
focusing on these effects.

Michael (UW) December 11, 2014 4 /13
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R TICINGE  Magnetic Field

Leading equations for magnetic field's conservative model

M 250 (F dEg 1R
— M 4?TRh R — _ o
dt w € pol Vo) dt Eg,, 3REB
‘ B2 -\ 4/3
EB"” - ;Bm(4}TR§3/ VW) SBm — g‘?l ( —PHI )
81\ pIsm

M: Total mass of wind bubble.
-, Magnetic energy density injected into wind.

vo: Outward velocity of ambient gas, we set this to 0.

viv: Outward velocity of winds after being released from galaxy.
pin: Density within the bubble

Michael (UW) December 11, 2014 5/
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R TICINGE  Magnetic Field

Flow rates

Initial condition were calibrated by (SMMO05) to match observations
leading to

M, = 5MO"L KM yr—! Vi = 320MO 145 K—1/2 kms ™t

M, Star formation rate in solar masses per year.

K: An amalgamated constant that summarized ISM properties it

is held at 0.5 and results do not strongly correlate to it
(BVEO06).

Michael (UW) December 11, 2014 6 /13
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R TIGINGE  Magnetic Field

Model parameters

-—(lM ‘ ; ‘IEB . 1R
— M T 2 B dEg _ 1R
(lt W+(4 R /)O(R VO) (lt EBm 3REB
i 82 _— 4;’13
EBW - :ﬁBm(4ﬂ-R§&‘f VW) me - gal ( -/)fn )
8T\ PIsm

In the above we also have some free parameters

B,.: Galactic magnetic field, expected to be about b 1,.G for
b 1 — 10 for our conservative model we set b to one.

¢: The fraction of the gas that is swept up from the surrounding
medium models place it between 0.1 and 0.3. We will model
with both as observations do not exclude either of them.

Michael (UW) December 11, 2014 8
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Background Metallicity

Metal distribution

A model developed by (NC95 TSE96 & ,NT97)

Looks at how galactic winds can spread and carry metals. Begins by
estimating the fraction of mass that the wind carries and how much of it is
metal. One two parameters are given reasonable values (NC95) finds
single valued functions of the galactic mass which describe the mass
released and the release metallicity of the gas.

Michael (UW) December 11, 2014 9 /13
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Background Metallicity

Important Equations

. 8mpG 3 Qicm HgR
— = H, M
K= Q!GMH R R(R OR) (QD g?! 7 )( 5 )
1B 3
(l_r = Lgn — 4TPR R L prem — Lcomp E: = _PV
ar 2
Mo 05 |
Ro = 1.2 x 107 (ﬁ) Kpc Ry = 100kms—*
M
Lop ~ M—bL Leomp < TV(1 + z)*
Michael (UW) December 11, 2014 10 / 13
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