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Outline

@ CR transport models important for DM searches in
Galactic y-rays and local charged CRs

@ Tool: GALPRORP - solves CR transport equation
numerically

@ Focus on physics behind tansport model and what
improvements have to be made

@ Introduce new CR transport model implemented in
modified GALPROP version
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Indirect DM Searches

Diffuse Galactic Gamma Rays

o Comparison to galactic models = Excess above 1 GeV

o Spectral shape of excess independent of sky direction

@ Uncertainty of BG or a new contribution?

Contributions

@ Decay of 7% produced in pp reactions of CR with IS gas
p+p— 70+ X — yy+X
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Indirect DM Searches

Astrophysicists’ Search Strategies

Search Technique Advantage Challenge

Galactic Center Good statistics Source confusion
galactic diffuse BG

Satellites Low BG Low Statistics
Subhalos good source ID
Point Sources
MW Halo Large statistics galactic diffuse BG
Spectral lines No astrophysical low statistics
uncertainties

good source 1D

Extragalactic Large Statistics Astrophysics
galactic diffuse BG

Uncertainties in underlying particle physics model and DM distribution affect all analyses

Uncertainties in CR propagation model (diffuse background) affect most analyses

= USE DATA DRIVEN CALIBRATION INSTEAD OF MODEL
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Indirect DM Searches

Particle Physicists’ Search Strategies

Get rid of model dependency by D.

How it works:

@ MainBG: CR+ Gas — mg + X — v+ X
plus some e~ induced BG at low energies
= | KNOW SPECTRAL SHAPES of BG from collider experiments!

@ Signal:x + x — T+ X —=>v+X
same spectrum as: e” + e~ — T+ X =7+ X
= | KNOW SPECTRAL SHAPES of signal from collider experiments!

@ | KNOW SPECTRAL SHAPES of signal and BG, but | do not know absolute normalization...
= fit normalization of BG and signal = gives DM distribution for whole sky
INDEPENDEND of model for BG and DM profile!

also independend of experimental normalization errors: just need relative norm between different sky directions..

Predicted DM profile consistent with rotation curves, gas flaring, many body simulations...




Indirect DM Searches

Rotation Curve of Milky Way and Gas Flaring
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EGRET Excess predicts shape of rotation curve!
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Gas flaring needs EGRET ring with

M=2.10""Mgy !

Everything looks fine, or not? = large uncertainties in

charged CR...
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Tools for DMA and CR Transport

Isotropic Diffusion Dominated CR Transport
Propagation Models

EGRET DMA Interpretation vs. Antiprotons

Yields from DMA (expected from LEP data) DarkSUSY predicts
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Tools for DMA and CR Transport Isotropic Diffusion Dominated CR Transport
Propagation Models

Propagation Models

In order to estimate charged CR we need a model for CR transport

Isotropic diffusion dominated @ Anisotropic convection
model (iDDM) dominated model (aCDM)

et

R A B

60kpc

Implemented in extended GALPROP

Implemented in standard GALPROP and DarkSUSY

Using GALPROP code, available on htip://galprop.stanford.edu
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Tools for DMA and CR Transport

Isotropic Diffusion Dominated CR Transport
Propagation Models

Isotropic Diffusion Dominated Models (iDDM)

@ Radioactive instable/stable

isotopes 95; » Age of Cosmic

Rays Tesc ~ 10’a

"cosmic clocks”

@ Ssecondary/Primary ratio (B/C)
grammage X(p) = Vv - ny - Tesc(p)

N ~ 0.3atoms _, h CR
Ny o3 where
spend their time
no static magnetic fields — ratios determine halo size and

diffusion coefficient

isotropic propagation (same in halo and disk)
o gas not clumpy @ Gammas insterstellar milieu

— galaxy acts as a storage box for antiprotons, gammas

@ Charged Species local environment

escape — locally too many antiprotons if gammas OK

ols for Galactic Cosmic Ray Transpor



Tools for DMA and CR Transport

Isotropic Diffusion Dominated CR Transport
Propagation Models

Anisotropic Convection Dominated Models (aCDM)

spo

A~ ‘//*/

Diffusion

\’\\L

@ Radioactive instable/stable
isotopes and secondaries
> CRs spend all their time in thin
disk
Once they leave the diffusion zone
- (border z¢) they are unlikely to return.

PR
<>

60kpc Qrammage: preferred transport along
B, or magnetic trapping.
= CRs acquire age in thin disk,
not in halo.

@ CRsare local significant

@ static magnetic fields = anisotropic diffusion

reduction of local antiproton flux

@ different transport in halo and disk = convective transport i i
possible with grammage and

dominates above z residence time ok

@ gas clumpy
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ROSAT X-Ray Excess
INTEGRAL Excess

Open Questions concerning the IDDM

ROSAT Excess = Galactic winds

ROSAT X-ray observations.. .predict Galactic winds

1000
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distance From Disk [kpe]

ROSAT: 1y ~ 15047 our fit: Vo ~ 10047

= L puluar Population, Smooth g, Distrlbution
— - —Pulsar Population. Cluzped , Distributlon, B . L. R
[~ OR Sourco Density (Strong ot al. 2004) iDDM: requires flattened ad hoc source distribution

4

to explain the observed sof ~-ray gradient

2

aCDM: uses convection « source distribution

Source Densiiy [arb units]

E. Everett et al. arXiv:0710.3712

[
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ROSAT X-Ray Excess
INTEGRAL Excess

Open Questions concerning the IDDM

soft y-ray gradient = Galactic winds

CR pressure driven galactic winds (implementation in

modified GALPROP = fit to local CRs and ~-rays) R-dependent convection-diffusion boundary z;
V(R, z¢) - zc = Dz(R, z¢)
km
V(R 2)[K .

35 40 L R R TR TR R (3
Rikpcl Rikpc]

25 30

Convection:
increased CR source strenght is counteracted by V(R, 2) = O(|z| — 2)(Vo(R) + % 2)
reduced CR residence time Vo(R) o galactic wind o< CR pressure o
- o R source strength
Gjalalctlc' winds are pro;})((f);tlona to GR source Large convection dominated area = CRs are local
distribution (Vo = 100?)
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ROSAT X-Ray Excess

Open Questions concerning the IDDM INTEGRAL Excess

INTEGRAL 511keV Excess in bulge = exotic sources
or geometry?

511KeV et e~

o Integral/SPI observation of 511KeV line from
GC:

expect most low energy positrons to originate
from radioactive nuclei with 3% decay (distributet
in disk and bulge)

Expect B/D = O(10~ ")

Observe: B/D = O(1)

= why are positrons mainly in bulge?

Major radioactivitity in SN:
56 i 56 56
Nig. ggays—° CO1130ays— 0 Fe + 26T

@ Explanation: T&
-unknown positron source only in bulge (X-Ray ﬁ» ﬁa'::ﬂgi'f:fs;sn Mo ~007TM M
binaries)?
-or higher escape faction in the disk?
[Jean et al., Astron.Astrophys, 445 (2006)
579-589] & Thermonuclear SN
¢ (SNIa) Myy~0IM M, ~0TM

M et
(White dwarfs)

~10M

Euvcore

SNIa release more e~ which escape easier
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ROSAT X-Ray Excess
INTEGRAL Excess

Open Questions concerning the IDDM

Positron Production in SN

SN1a emit most positrons in the
halo!

=- in an iDDM model they would
return to the disk and annihilate.
=- in an aCDM they immediately
escape from the Galaxy.

\ HI

E In the thicker bulge region

2 ] positrons have the change to
e

K L h(HI 3

% 200 (D find electrons and annihilate =
100 F E .

» H) larger B/D ratio expected

[N
(=] <
o o
T T >
[~
-4
Z
B :
1
N. Prantzos Astron.Astrophys. 449 (2006) 869-878
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Objectives for a New Model

A new Model for CR Propagation Anisotropic Convection Dominated Model

Objectives for a New Model

EGRET ROSAT INTEGRAL WMAP/HEAT

DMA Galactic wind bulge # disk Galactic B
local transport
4 4 4
convection dominant convection dominant convection dominant
anisotropic diffusion anisotropic diffusion anisotropic diffusion

Using GALPROP code, available on http://galprop.stanford.edu

start from standard GALPROP, adapt Crank-Nicholson scheme and transport equation:

@ anisotropic and inhomogeneous diffusion: D(E) = D(E, r, z)
R-dependent convection: V(z) = V(R, z)
non-equidistant binning in spatial coordinates (high resolution in diffusion zone and local area)

DM in oder to explain the observed EGRET Excess, local antiprotons ( but not necessary for e_e‘;f )

magnetic reflection by MCCs/strong transport along ¢: =>grammage parameter
also implemented:

Local Bubble: allow for sharp gradients in CR density

code parallelized as far as possible




Objectives for a New Model

A new Model for GR Propagation Anisotropic Convection Dominated Model

EGRET DMA Interpretation vs. Antiprotons

Antiprotons in aCDM Antiprotons in iDDM

CDM Antiprotons CDM Antiprotons
< 5 e Antiprotons. < Antiprotons
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ols for Galactic Cosmic Ray Transpol



Backup: Dark Matter
Backup: Candidates
Backup: Soft ~-ray gradient
Backup: Magnetic Reflection/Trapping
Summary Backup: HEAT -bump and WMAP synchrotron data

Problem

@ EGRET Excess of diffuse Galactic Gamma Rays

@ INTEGRAL/SPI observation of 511KeV emission from Galactic Center
@ ROSAT Galactic wind observations

iDDM: standard GALPROP and DarkSUSY aCDM: GALPROP=++ ...soon publicly available

@ EGRET = need DMA, but too many local

GETS @ EGRET = need DMA & local antiprotons OK
@ INTEGRAL/SPI = need exofic sources @ INTEGRAL/SPI = geometry of disk and bulge
@ ROSAT = no explanation @ ROSAT = observations are predicted by aCDM
@ local et e~ — need DMA @ (ocal et e~ = no need for DMA

simple model, local CRs are representative for complicated model, many parameters, local CRs

whole Galaxy, fast calculation (do not need high do nlott_represem GTIaC“C averagespatal
spatial resolution) resolution requires large memory...




Backup: Dark Matter

Backup: Candidates

Backup: Soft ~-ray gradient

Backup: Magnetic Reflection/Trapping

Summary Backup: HEAT -bump and WMAP synchrotron data

Grammage and Escape Time

small diffusion box — charged particles from smaller collection area in R and z
BUT effective transport along ¢ or trapping between magnetic mirrors

-leads to large escape time .leads to large grammage

Secondary to Primary ratio (B/C) — grammage ok
‘ Beryllium-fraction \ Anisclrogic Difusion (with lrapping befneen MCCs)
o o Isetropic Difflusion (Conventional Model)
g t ————— Anisotropic Diffusion (with trapping between MCCs) g %a,u—
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o — é 0al
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Backup:
Backup:
Backup:
Backup:
Summary Backup:

Dark Matter

Dark Matter
Candidates

Soft v-ray gradient
Magnetic Reflection/Trapping
HEAT —£& -bump and WMAP synchrotron data

el ens

Energy and Matter Content of the Universe

@ Combination of CMB data with Hubble expansion data from SNIa
@ ~ 27% matter but only ~ 4% baryonic matter

@ ~ 1% luminous matter

= existence of baryonic and non baryonic DM




Backup: Dark Matter

Backup: Candidates

Backup: Soft ~-ray gradient

Backup: Magnetic Reflection/Trapping

Summary Backup: HEAT

Dark Matter Candidates

-+ ;= "bump and WMAP synchrotron data

One of the most promising candidates is the Weakly Interacting
Massive Particle

@ Assumption: DM in thermal
equilibrium with early universe

@ Approximative solution of the T, F— ]
Boltzmann equation: : ]
2 _ mny . (310-% cm® s—'
QP = Talx ( on
= cross sections of weak interaction

Increasing <o,v> |

L
0 100 1000
x=m/T (time -)
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Backup: Dark Matter

Backup: Candidates

Backup: Soft v-ray gradient

Backup: Magnetic Reflection/Trapping

Summary Backup: HEAT -bump and WMAP synchrotron data

soft CR Density Gradient = soft fy-’Reay Gradient

isotropic diffusion dominated transport anisotropic convection dominated transport

a0 | 000 | om0 ] o000 |

erpsoo0a | 50000

czBgszeass

soft -ray gradient by flatter (ad hoc) source distribution soft v-ray gradient by CR-driven galactic winds
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INTEGRAL Excess:

in molecular clouds

Backup: Dark Matter

Backup: Candidates

Backup: Soft ~-ray gradient

Backup: Magnetic Reflection/Trapping

-bump and WMAP synchrotron data

Summary Backup: HEAT

spectral shape =- no annihilation

« SPT2004 public data

Warm neutral NO annihialtion in molecular clouds (MCs), although
. 030 v " 75clouds = volume filling fraction of MCs too small
3 fmonized or MCs act as magnetic mirrors
025 Continuum
% ——Total model
g
% Parameters Measured values
=)
fm (Molecular) 0.00 10,08 +0.02
+0.23 +0.04
fe (Cold) 0.00 75550 To 00
E(k5\]/§) fwn (Warm Neutral) ~ 0.49 t%?zza t%%i
e
fuj (Warm lonized) ~ 0.51 14,93 002
fp, (Hot) 0.00 +0,005 +0.00
molecular  cold warm warm hot
f ; +1.20 +0.20
neutral  ionized Xgr (Grain fraction) - 0.00 75", "7
(n)(cm—3) 1.58 026 026 0.08 89 x103
nicm™3) 3600 146 1.46 0.77 0.012

Jean et al. Astron.Astrophys. 445 (2006) 579-589
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Backup: Dark Matter

Backup: Candidates

Backup: Soft ~-ray gradient

Backup: Magnetic Reflection/Trapping
Summary Backup: HEAT

-bump and WMAP synchrotron data

INTEGRAL Excess: spectral shape =
reflection/trapping in molecular clouds

B. Chandran, 2000ApJ...529..513C

)
L (N
molecular - A2
cloud complexes 2 IR
/
1 /\J
E )
f/ 773
‘\A/ a ;
) ) o ;
multiple reflection between magnetic mirrors ) et —

Impact on CR transport Van-Allen-Belt

Tesc &~ 107 anot by large halo, but by trapping

grammage obtained by multiple reflection between molecular
clouds, particles age in disk-> B/C and Be correct Outer

Radiation

Inner
Belt

Radiation
Belt Inner Outer

. Radiati
particles are stored e nag:«'m

antiprotons from DM halo strongly reduced

CR collected from smaller area, but particles are OLD

once particles leave the disk they escape from Galaxy
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Summary

Backup: Dark Matter

Backup: Candidates

Backup: Soft ~-ray gradient

Backup: Magnetic Reflection/Trapping

-bump and WMAP synchrotron data

Backup: HEAT

Grammage and Escape Time: Mechanisms

Schematic Mogaetio Tield of Miky Yoy

X (kilo-parseos)

@ Toec ~ 107anot by large halo, but by effective
transport along B,

@ CR collected from smaller di
large distance in ¢ = B/C correct

in R, but

Magnetic reflection in molecular cloud complexes

molecular —
cloud complexes
'

field line

\ trapped

cosSmiC 1ay
expected from spectral analysis of 511keV line

o
@ 7.5 ~ 107 anot by large halo, but by trapping
o

grammage obtained by multiple reflection
between molecular clouds, particles age in disk->
B/C and Be correct

@ CR collected from smaller area, but particles
are OLD

Probably both processes play a role, but we do not know the relative contributions = implemented as

grammage parameter.




Summary

Backup: Dark Matter

Backup: Candidates

Backup: Soft ~-ray gradient

Backup: Magnetic Reflection/Trapping

Backup: HEAT —£

e -bump and WMAP synchrotron data

Interstellar Synchrotron Radiation and local e*e~

Gold et al. 2008 [arXiv:0803.0715]: WMAP
foregrounds consistent with standard components
(no need for excess in bulge)

synchrotron spectrum

Model1=anisotropic transport + trapping

Model1 + fresh component of 15%

Model1 + magn. field and electron injection spectrum retuned

FIUX/T gy, [Jy ST mK

10° 10"
Frequency[Hz]

Galactic magnetic field constrained by synchrotron

radiation

P depends on transport paramete

Electron-positron fraction

epletep

varying local B

7 T TR SR THE ol Ll

10° 10? 10" 1 10 10°
Energy [GeV]
+
Transport par s do not lin —£
port p o

et from 70 produced in gas

e~ from SN
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