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The Goal 

To show the place of recent data in astrophysics of
 cosmic rays 

Target audience: particle and high-energy physicists 
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The Key Question 

Last couple of years the Cosmic Ray and Astrophysical
 communities were exposed to the overwhelming amount of new
 and accurate data and are expecting more to come… 

It will probably take a few years to fully appreciate the
 significance of new information, but it is absolutely clear that
 we are currently on the verge of dramatic breakthroughs in
 Astrophysics, Particle Physics, and Cosmology and may soon be
 able to resolve century-old puzzles such as the origin of cosmic
 rays and dark matter. Hopefully before 100th anniversary of
 V.Hess flight in 2012! 

The key question to answer is how these new discoveries fit or
 do not fit into the “standard picture” of the Milky Way galaxy   
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A Particle Physicist’s View (pre ~2000) 

• An Astronomer does stamp collecting 

• An Astrophysicist does engineering 

• A Particle physicist does fundamental 

science 

».....we have been humbled! 

 Persis Drell
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Summary Thoughts 

• Wealth of data and excitement 

– This is a healthy field! 

– Multiwavelength/Multimessager/Multicultural  

• We are bold in our aspirations! 

– Will be a rich field for decades to come 

• Astrophysics is an essential part of Particle 

Physics!! 
 Persis Drell
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Recent and not Very Recent Past (<2008) 

GeV excess in diffuse gamma rays is “clearly” established 
– Three papers on GeV excess (Hunter+’97, Strong+’00,’04) have

 received 1000+ citations (NASA ADS). Proposed explanations: 
• Astrophysical sources (SNR, pulsars, unresolved sources…) 

• Fluctuations of CR intensity/spectra throughout the Galaxy 

• Dark Matter 

• Instrumental artifact 

Increase of the CR positron fraction above ~10 GeV 
– Has been known since ~1970s, but the background rejection was not

 good enough 

– Perhaps first reliable measurement was done by HEAT in 1994-95
 flights (Barwick+’97), and then after year 2000 flight was revised
 down to agree with secondary production within ~2  

– Barwick+’97 has received ~110 citations before 2008; exponential
 rise since 2008 

– Proposed interpretations: pulsars, dark matter, >ee near the
 sources, pp-interactions in giant molecular clouds, +-decay of SN
 ejecta… 
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Current Stage: 2009±1 
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Positron Fraction 

The excess in the CR positron fraction relative to the
 predictions of propagation models is confirmed by Pamela
 and extended to higher energies (up to ~100 GeV) 

Additional positron component? 

Charge sign dependence below ~10 GeV is expected 

Solar modulation 
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An experiment in nature, like a text in the Bible, is

 capable of different interpretations, according to the

 preconceptions of the interpreter. — William Jones,1781 

There is no deficit in explanations of the PAMELA positron
 excess (Adriani+08): 370+ papers since Oct 2008! 
– Various species of the dark matter (most of papers) 

– Pulsars 

– SNRs 

– Microquasars 

– a GRB nearby 

– … 

Perhaps we have to discuss a deficit of positrons, not their
 excess!  

Unfortunately, >99.7% of these explanations are wrong  

…Because there is only one correct explanation 
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Charge-sign dependence  

The Parker magnetic field has opposite
 magnetic polarity above and below the helio
-equator, but the spiral field lines are mirror
 images of each other.  

M.Potgieter 

Solar min 

Solar max This antisymmetry produces the drift
 velocity fields that affect the particles of
 opposite charge in different ways
 (converge on heliospheric equator or
 diverge from it). 
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Spectra of CR Species 

L.Baldini 
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CR Measurements and Backgrounds 

L.Baldini 
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Fermi-LAT 1-year Gamma-Ray Skymap 

~80% of gamma-rays are produced by CR interactions with interstellar
 gas and radiation field! – therefore, the diffuse Galactic gamma
 rays trace CR proton and electron spectra throughout the Galaxy 

Galactic plane 

Sources 
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Fermi-LAT: Diffuse Gammas 

Conventional GALPROP model is in agreement with
 the Fermi-LAT data at mid-latitudes (mostly
 local emission) 

This means that we understand the basics of
 cosmic ray propagation and calculate correctly
 interstellar gas and radiation field, at least,
 locally 

model 

Abdo+’09 
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Diffuse gammas – Local Spectrum 

The spectrum of the
 local gas, after the
 subtraction of the IC
 emission, agrees well
 with the model 

Confirms that the
 local proton spectrum
 is similar to that
 from direct
 measurements  

Abdo+’09 
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T.Porter 
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Fermi-LAT: Isotropic Gamma-Ray Background 
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The isotropic gamma-ray
 background seems to be
 featureless and agree (<1
 GeV) with the one derived
 from the EGRET data 

(submitted to PRL) 

Note that the LAT PSF and
 the effective area are
 energy dependent and they
 are “folded” into the
 derived spectrum 
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Starburst Galaxies: M82, NGC 253 

The relationship between the gas mass, SNR rate, and gamma
-ray luminosities in normal galaxies: LMC, Milky Way, M82,
 NGC 253 

LMC 

NGC 253 
M82 

MW 
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Fermi-LAT: 
The Earth’s Albedo 

A test of on orbit
 calibration of the
 LAT can be done
 using the Earth limb
 albedo spectrum –
 produced by CR
 interactions with 
 the Earth’s
 atmosphere 

(PRD, in press). 

The spectral index
 of the albedo is
 close to the
 spectral index of
 ambient CRs. 
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Cosmic Ray Electrons 

Fermi LAT measurements of CR electrons 

Latronico+’09 

What’s

 here? 
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Kobayashi+’03 

Interpretation of CR Electron Data 
CR electron spectrum is
 consistent with a single
 power-law with index -3.05 

 Can be reproduced well by
 the propagation models 

Multi-component
 interpretation is also
 possible 

– Dark matter contribution 

– Astrophysical sources
 (SNR, pulsars) 

– … 

The key in understanding of the electron
 spectrum (local vs global) is the origin
 of the positron excess and the diffuse
 gamma-ray emission  
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Electron Fluctuations/SNR Stochastic Events 
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Fermi-LAT:  
First Movie Ever Shot in Gamma Rays 
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An Alternative Way to Measure CR Electrons 

©UCAR 

The heliosphere is filled with Galactic CR

 electrons and solar photons > inverse

 Compton scattering 

• electrons are isotropic 

• photons have a radial angular distribution 

QED 

e 

IM+’06, Orlando&Strong’07 
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IC Scattering on Solar Photons 

>40  detection 

IC scattering flux (1.1±0.3)x10-6 cm-2 s-1

 for <10° 

Counts map >100 MeV 
Pixel size 0.25º 

The disk size BKG 
BKG+point source 
Data 

IC 

IC 
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CR Protons & He  

The CR proton and He spectra by
 Pamela agree well with previous
 measurements 

No surprises for production of
 secondary particles and diffuse
 gammas 

protons 
He 

PAMELA 

Picozza’09 

H: -2.752±0.071 

He: -2.624±0.122 

IM+’02 
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Antiprotons 

Antiprotons in CRs
 (BESS, Pamela) <100
 GeV are in agreement
 with secondary
 production 

PAMELA 

Picozza’09 

Picozza’09 
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B/C ratio 

The B/C ratio <30
 GeV/nucleon is
 measured by
 Pamela (no
 surprises) 

Statistical errors only  
Sparvoli’09 

Very preliminary! 
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One Good Experiment is Worth Thousand Theories… 

ATIC electrons: 270+ citations (in ~1 yr) 

PPB-BETS electrons: 150+ citations (in ~1 yr) 

Fermi LAT electrons: 170+ citations (in <1 yr) 

HESS electrons: 100+ citations (in <1 yr) 

PAMELA positron fraction: 370+ citations (in ~1 yr) 

PAMELA antiprotons: 150+ citations (in <1 yr) 

BESS program (only journal papers): 1000+ citations 

Of course, most of citations are coming from particle physics 

 using NASA ADS 
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A Summary to This Part 

No much new on CR nuclei species 

The spectrum of CR electrons and the positron fraction are
 two surprises 

Q: Could new measurements of CR electron spectrum and
 positron fraction affect our current understanding of CRs? 

A: Yes and No 
– They indicate how little we know about our local Galaxy 

– Diffuse emission agrees well with the predictions based on the
 conventional model (<10 GeV) – means that the CR propagation
 (based on CR nuclei species) is understood correctly 

– The key is to study the diffuse emission at high energies where
 the IC component becomes comparable to the gas component 
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Near Future: >2010 
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CREAM-V 
Successfully launched on Dec. 1, 2009 –
 Ultra Long Duration Balloon  

http://cosmicray.umd.edu/cream/ 

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

CREAM 

Ahn+’08 

B/C 

However, they differ at high energies which
 will allow to discriminate between them when
 more accurate data are available (hopefully
 after CREAM V flight) 

Jones+’01 



       KITP/Direct, Indirect and Collider Signals of Dark Matter – Dec.9, 2009 :: IVM/Stanford-KIPAC  34   

AMS-02 

AMS is on track for a flight on July 29, 2010 

Will be able to provide us with excellent quality CR data in
 the range from some 100 MeV – 1 TeV 
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Simulations of AMS-02 Data 

The large statistics and accuracy of AMS-02 data will allow
 one to study CR propagation with unprecedented detail 

Casaus+’03 Casaus+’03 
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Exposure of Different Experiments 
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Large Hadron Collider 

Nov 30:  1.18 TeV beams! 
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Fermi LAT 

Better measurement of the CR electron spectrum, possibly
 up to higher energies 

Better statistics will allow us to better constrain CR
 propagation and the diffuse emission model 

Especially important the diffuse emission at HE – possible
 DM signatures and key to understanding leptons in CRs  
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Morphology of the Diffuse Emission @ 150 GeV 

Conventional 

Dark Matter 

Regis&Ullio’09 

IC 0 

IC 0 
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Geminga pulsar 

Milagro C3 

Pulsar (AGILE
/Fermi) 

MGRO 2019+37 

Fermi Pulsar 

SNR  Cygni 

Fermi Pulsar 

HESS, Milagro, Magic 

Fermi Pulsar 

Milagro (C4) 

3EG 2227+6122 

Boomerang PWN 

SNR IC433 

MAGIC, VERITAS 

Radio pulsar  

(new TeV source) 

unID 

(new TeV source) 

unID 

(new TeV source) 

Fermi Pulsar 

MGRO 1908+06 

HESS 1908+063 

SNR W51 

HESS J1923+141 

G65.1+0.6 (SNR) 

Fermi Pulsar (J1958) 

New TeV sources 

G.Sinnis’09 

Milagro: TeV Observations of Fermi Sources 
Many -ray sources show extended structures at HE – thus
 they are also the sources of accelerated particles (CRs) 
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GALPROP: A Model of CR Propagation 
• Gas distribution (energy losses, 0, brems) 

• Interstellar radiation field (inverse Compton, e± energy losses) 

• Isotopic & particle production cross sections 

• Gamma-ray production: brems, inverse Compton, 0 

• Energy losses: ionization, Coulomb, brems, IC, synch 

• Solve transport equations for all CR species 

• Fix propagation parameters 

• Applications: 
- background for indirect DM searches and other exotics 

- propagation of the DM signal 

- CR fluxes in distant locations 

- Galactic/extragalactic diffuse gamma-ray emission (extragalactic
 emission may also contain signatures of exotic physics) 

- background for astrophysical gamma-ray sources 

- studies of the origin of CRs and interstellar medium  

Primary
 importance for

 diffuse emission 
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Components of the ISM: Views from the Inside 

synchrotron 

21 cm H I 

2.6 mm CO (H2) 

dust 

stars & star forming 

optical 

n-stars, BHs 

CRs x gas 
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ISRF: Large Scale Distribution 

R = 0,4,8,12,16 kpc 

Total 
Optical 

IR 
CMB 
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Requires extensive modelling: 
– Distribution of stars of different 

stellar classes in the Galaxy 

– Dust emission 

– Radiative transfer 

The z scale height is large, 
takes 10s of kpc at R = 0 kpc 
to get to level of CMB 

Optical + IR (no CMB) 

Z=0, R=0 kpc 
 4 kpc 

 8 kpc 
    12 kpc 

    16 kpc 

optical IR CMB 



       KITP/Direct, Indirect and Collider Signals of Dark Matter – Dec.9, 2009 :: IVM/Stanford-KIPAC  45   

Gas distribution in the Milky Way 

Sun 

Molecular hydrogen H2  
is traced using J=1-0 
transition of 12CO, 
concentrated mostly in 
the plane (z~70 pc, 
R<10 kpc) 

Atomic hydrogen H I 
(traced by 21 cm 
emission line) has a 
wider distribution         
(z~1 kpc, R~30 kpc) 

Ionized hydrogen H II – 
small proportion, but 
exists even in halo (z~1 
kpc) 
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Carbon Monoxide (CO) maps 

Extend CO surveys to high latitudes 
– newly-found small molecular clouds will otherwise be interpreted as

 unidentified sources, and clearly limit dark matter studies 

C18O observations (optically thin tracer) of special directions
 (e.g. Galactic center, arm tangents) 

– assess whether velocity crowding is affecting calculations of molecular
 column density, and for carefully pinning down the diffuse emission 
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Dame+’01 

Kalberla+’05 

W. Keel 

H I 

CO 

Clemens (1985) 

Rotation Curve 
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More on gas in the Milky Way 

Pohl+’08 

Surface mass density of the H2 in M sun pc 2  

Sun 

Contours of line-of-sight velocities
 from differential rotation of the
 Milky Way

Near-far ambiguity 

No velocity
 information  

No velocity
 information  
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News from the GALPROP Front 

New GALPROP model developments to appear in the next release: 
Improved gas maps, which are computed using recent HI and CO (H2 tracer) surveys 

A new calculation of the Galactic interstellar radiation field using the FRaNKIE 
 code (Fast Radiation transport Numerical Kode for Interstellar Emission, Porter et
 al. 2008) 

More accurate line-of-sight integration for computing of gamma-ray skymaps 

Considerably increased efficiency of anisotropic IC scattering calculations 

3D modeling of the Galactic magnetic field, both regular and random components 

The HEALPix output of gamma-ray and synchrotron skymaps. The HEALPix format
 (Górski et al. 2005) has uniform sky coverage, equal-area pixels and powerful
 functions (convolution, harmonic analysis), and is a standard for radio-astronomy
 applications 

The MapCube output for compatibility with Fermi-LAT Science Tools 

Gamma-ray skymaps output in Galactocentric rings to facilitate spatial analysis of
 the Galactic diffuse gamma-ray emission 

Shared-memory parallel support with OpenMP to take advantage of multi-processor
 machines 

Implementation of the GNU auto-configuration tools to facilitate installation 

Memory usage optimization 

… 
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(Some) Important Questions to Answer 
How large is the positron fraction at HE (PAMELA) 
– Identifies the nature of sources of primary positrons  

If SNRs are the sources of primary positrons, this should also
 affect antiprotons and secondary nuclei @ HE… 
– Measure pbars and secondary nuclei (PAMELA, CREAM…) 

How typical for the local Galactic environment is the observed
 Fermi/LAT spectrum 
– If this is the typical spectrum then the sources of primary positrons

 are distributed in the Galaxy (could be pulsars, SNRs, or DM) 

– If this spectrum is peculiar then there is a local source or sources of
 primary positrons 

– The answer is in the diffuse gamma-ray emission (Fermi/LAT) 

Dark matter vs Astrophysical source 
– Distribution and spectrum of the diffuse -ray emission at HE (Fermi) 

To answer these important questions we should consider all
 relevant astrophysical data (CRs, gamma rays) and particle data
 (LHC) together 
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Thank you ! 

You are here 

KITP 


