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Transport of cosmic rays in the Galaxy and in the heliosphere (~ 4h30)
* What is GCR (Galactic Cosmic Ray) physics and transport
» Relevant time scales: # species have # phenomenology
* Main modelling ingredients: key parameters and uncertainties
» Tools to solve the transport equation

Charged signals: electrons/positrons, antibaryons (~1h30)
e What is astroparticle physics and DM (Dark Matter) indirect detection
» What are the astrophysical backgrounds + uncertainties [nuclear]
e Phenomenology of DM signals + uncertainties [transport and dark matter]
e Pros and Cons of DM indirect detection with charged GCRs
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Previous episodes

Lecture II: processes, ingredients, characteristic times

— Different time scales for nuclei and leptons

Lecture III: solving the transport equations and phenomenology

» Microphysics complex (diffusion) — use of simple (effective?) models
e Stable and radioactive nuclei data — constrain source and transport parameters
e High energy e+ — local sources matter (steady-state not valid)



Charged signals: electrons/positrons, antibaryons

I. Introduction: Galactic Cosmic Rays
II. Processes, ingredients, characteristic times
III. Solving the equations: GCR phenomenology

IV-A Propagation in the heliosphere
IV-B CRDB

IV-C Anti-p, anti-d, and positron fraction
1. Where to look for new physics in GCRs
2. “Backgrounds” from secondary production Lecture-1V.pdf
3. Uncertainties on DM signals (propagation, DM)
4. Positron fraction
5. Summary and perspectives
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Interstellar (IS) fluxes .
[time independent] :

Top-of-atmosphere (TOA) fluxes
; [Solar cycle time dependent]
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An unexpected journey: solar modulation
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An unexpected journey: solar modulation
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An unexpected journey: solar modulation
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[time independent]
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Some useful references

Living Reviews in Solar Physics

* (. Usoskin: A History of Solar Activity over Millennia (LRSP 10, 2013-1)

Charbonneau: Dynamo Models of the Solar Cycle (LRSP 7, 2010- 3)

Bruno and Carbone: The Solar Wind as a Turbulence Laboratory (LRSP 10, 2013-2)

Owens & Forsyth: The Heliospheric Magnetic Field (LRSP 10, 2013-5)

M. Potgieter: Solar Modulation of Cosmic Rays (LRSP 10, 2013-3)

+ Caballero-Lopez & Moraal, JGR 109 (2004) A01101
Limitations of the force field equation to describe cosmic ray modulation

N.B.: whenever the plot reference is not specified
below, it 1s taken from one of these reviews




Solar activity: early observations

Maunder “butterfly” diagram — 11-yr (average) periodicity
(naked eye observation) 1* solar cycle: 1755-1766
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Solar activity: early observations

Maunder “butterfly” diagram — 11-yr (average) periodicity
(naked eye observation) 1* solar cycle: 1755-1766
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Babcock, ApJ 133 (1961) 572
The Topology of the Sun's Magnetic
Field and the 22-yr cycle

— 22-yr (average) periodicity
for polarity reversal
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Solar activity: early observations

Maunder “butterfly” diagram — 11-yr (average) periodicity
(naked eye observation) 1* solar cycle: 1755-1766
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Solar activity: polarity reversal

Maunder “butterfly” diagram — 11-yr (average) periodicity
(naked eye observation) 1* solar cycle: 1755-1766
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Solar activity: polarity reversal in cycle 24

Maunder “butterfly” diagram W
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Solar activity: solar wind

— A continuous flow of charged particles with velocities ~ 400 km/s
 Mostly electrons and protons (10" particles m~s™
 First continuous observations by Mariner 2 (1962) + 3 orbits by Ulysses

Ulysses First Orbit Ulysses Second Orbit

SWQOOPS 1000
Speed [km 5]

@ OQutvard IMF
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and
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2000 2002 2004
McComas et al., Geophys. Res. Lett., 2003.

— Solar wind 1s spherically symmetric (at first order)

I'V-A Solar modulation



Solar activity: solar wind turbulence
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Figure 20: The magnetic energy spectrum as obtained by Coleman (1968).

— Turbulence in the solar wind (Kolmogorov = 3/2)

I'V-A Solar modulation



Solar activity

How can we describe GCRs 1n the Solar cavity?

I'V-A Solar modulation



Advection/diffusion transport in the Solar cavity!

Caballero-Lopez & Moraal, JGR 109 (2004) A01101

o [0+ V- Vf -V - (K-Vf) —%(V-V)c’?f/alnp: 0

I'V-A Solar modulation



Force-field solution

Caballero-Lopez & Moraal, JGR 109 (2004) A01101

YA+ V- Vf V- (K- ) 3 (V-7 ToInp = 0

Force-field approximation: )
* No source af VP of
* Steady state F oAt =0
. No adiabatic | or 3k OP
0 adiabatic losses S
GV/m (E field)

I'V-A Solar modulation



(+V-Vf—V-(K-Vf)

Force-field approximation: )
* No source
» Steady state
e No adiabatic losses

— Solution

ETDA= EIS B |Z|

JTDA ( ETDA)
JIS { EIS)

Force-field solution

Caballero-Lopez & Moraal, JGR 109 (2004) A01101
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Force-field solution

Caballero-Lopez & Moraal, JGR 109 (2004) A01101

9 t—I—V-Vf—V-(K-Vf)—%Wlp:Q

Force-field approximation: )
* No source af VP of
* Steady state e o e op 0 »
* No adiabatic losses .
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Force-field solution

Caballero-Lopez & Moraal, JGR 109 (2004) A01101
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Force-field approximation: )
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Force-field solution

Caballero-Lopez & Moraal, JGR 109 (2004) A01101

0 t+V-Vf—V-(K-Vf)—%Wlp:Q

Force-field approximation: )
 No source of VP of
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* No adiabatic losses ]
S
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Force-field vs 1D spherically symmetric solution

N.B.: 1D solution uses the full equation below

1
O |01+ V - Vf =V - (K-Vf) =3 (V- V) /lnp = O
Fit to GCR data to determine ¢ Modulation at different r positions
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Force-field vs 1D spherically symmetric solution

N.B.: 1D solution uses the full equation below

1
Of /0t +V - Nf =V - (K- Vf) =2 (V- V)3f /0Inp = 0
At similar minimum, same modulation level Modulation at different r positions
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— Alexandre Ghelfi's poster
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Force-field vs 1D spherically symmetric solution

N.B.: 1D solution uses the full equation below

1
Of /0t +V - Nf =V - (K- Vf) =2 (V- V)3f /0Inp = 0
At similar minimum, same modulation level Modulation at different r positions
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More realistic model: archimedean structure

Magnetic field is assumed to be frozen in solar wind plasma
— Archimedean spiral in the solar equatorial plane
Parker, AJ 128 (1958), 664
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More realistic model: archimedean structure

Magnetic field is assumed to be frozen in solar wind plasma
— Archimedean spiral in the solar equatorial plane
Parker, AJ 128 (1958), 664
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V(r,60) =V, [1 — exp (13.33 (T@m— T))]

[1.475 5 0.4tanh (68 (0 - 7+ 0))]

(5)-(52)es ()

B =B, (?) ’ (er — tanyrey)
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Vv

tan 1y =
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More realistic model: 3D diffusion equation to solve

diffusion
T10,, 1 0K, | of 19 _lof
ﬁﬁ (T K”) + rsinfl  do ] ar L*Z sinf 96 (Koo sin g)] a0 (7)
di[:ftision
T 1 o, 1 0Kse | 0f
+ | r2sing dr (rkro) + r2sin? d¢ ﬂ] Ao
diffusion

PI | Knl] Koo P 2K, Pr

+K"6‘T2 r2 982 p2sin? 9 A2 rsinf drdd
dl.;i-ft.

f of [ 1 af 1 10f

NS ST S

convection
d
vor
Or
adiabatic energy losses
10 af
+ —— (r*V) I 0.
3r2 or dInp
Here K., K,g, K.s, Koy, Koo, Kgs, Kyr, Kyg, and Ky, are the nine elements of the 3D
diffusion tensor, based on a Parkerian type HMF. Note that K., K., Kgg, Kyr, Kyy describe the

K. = K|cos® ¢ + K, sin ¢,
K19 = Kyg,
Koo = K1, cos?yp + K| sin® 10,
Kor = (Kir — K)) costpsing = K4
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More realistic model: drift effect

Magnetic field is assumed to be frozen in solar wind plasma
— Archimedean spiral in the solar equatorial plane

* Sun rotates with a period of = 27.27 days
(Carrington rotation - started on Nov 9, 1853)

» The magnetic field at the solar magnetic poles
approximates that of a dipole

 Offset between the sun magnetic and rotation
axis — tilt angle increases with Sun activity

— Drift velocity depend on particle charge (Z2)
and solar magnetic field polarity (A)

Parker—
fieldline

B

(b)

I'V-A Solar modulation



Crucial parameters: polarity and tilt angle

Magnetic field is assumed to be frozen in solar wind plasma
— Archimedean spiral in the solar equatorial plane
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Courtesy from F. Barao
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— Different modulation of positive and negative particles (if small tilt angle)
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More realistic model: drift effect

Magnetic field is assumed to be frozen in solar wind plasma
— Archimedean spiral in the solar equatorial plane

Clem & Evenson, ApJ 568, 216 (2002)

........ o
 Sun rotates with a period of = 27.27 days Q:W e e
(Carrington rotation - started on Nov 9, 1853) o4 | e et . 1996 Model

* The magnetic field at the solar magnetic poles ~— Phir/P Drift Uatiel (Elcter =t o 1999

approximates that of a dipole | Rigidity = 1.256V

 Offset between the sun magnetic and rotation
axis — tilt angle increases with Sun activity

T | .
000G X 4/4p9d

— Drift velocity depend on particle charge (Z) 002y % oI aera5" ax Glam Snd Evanson 02
. ; Alcarez et al. 00  — Clem and Evansen 04 W
and solar magnetic field polarity (A) oe BES ¢ This Work
— Too much gaps in the data time coverage to 0,01 Dbt bbb L
d f 1 . 1965 1970 1975 1980 1985 1990 1995 2000 2005
raw 1irm conciusions Observation Time
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Conclusions on Solar modulation

Solar modulation changes low energy fluxes

— Force-Field 1s simple (algebraic expressions) and still used
* Single effective parameter ¢ (between 400 and 2000 MV)
e Determined from GCR data or NM data

I'V-A Solar modulation



Conclusions on Solar modulation

Solar modulation changes low energy fluxes
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Conclusions on Solar modulation

Solar modulation changes low energy fluxes

— Force-Field 1s simple (algebraic expressions) and still used
* Single effective parameter ¢ (between 400 and 2000 MV)
e Determined from GCR data or NM data

— More realistic: 3D diffusion equation
* Drift (# modulation for different charge sign)
» Lots of parameters, some still uncertain

AMS-02 data will provide a crucial test for the theory
* High accuracy measurements (for p, statistics < 1%)
» Dayly or weakly fluxes over several years (tilt angle/polarity)
e Simultaneous data on p(bar), e+
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Conclusions on Solar modulation

Normalized Flux
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Solar modulation changes low energy fluxes

— Force-Field 1s simple (algebraic expressions) and still used
* Single effective parameter ¢ (between 400 and 2000 MV)
e Determined from GCR data or NM data

— More realistic: 3D diffusion equation
* Drift (# modulation for different charge sign)
» Lots of parameters, some still uncertain

AMS-02 data will provide a crucial test for the theory
* High accuracy measurements (for p, statistics < 1%)
» Dayly or weakly fluxes over several years (tilt angle/polarity)
e Simultaneous data on p(bar), e+

12013

AMS-02
(Courtesy L. Derome)

May Liiiiiiinl lllllllllllll
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Charged signals: electrons/positrons, antibaryons

IV - Transport in the heliosphere
Charged signals: electrons/positrons, antibaryons

IV-B CRDB



CRDB: why?

http://Ipsc.in2p3.fr/crdb

Usefulness for

*GCR phenomenology: astrophysics or DM searches

* GCR experiments: comparison to previous data

 Solar physics: comparison to past measurements
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http://lpsc.in2p3.fr/crdb

CRDB: why?

http://Ipsc.in2p3.fr/crdb

Usefulness for

*GCR phenomenology: astrophysics or DM searches

* GCR experiments: comparison to previous data

 Solar physics: comparison to past measurements

Because it is a waste of resource when every researcher
has to find and gather again and again the same data sets!

IV-B CRDB


http://lpsc.in2p3.fr/crdb

CRDB snapshots: main page

http://Ipsc.in2p3.fr/crdb

{ Welcome Experiments/Data Data extraction Links New data J

Database of Charged Cosmic Rays
New release V2.1 - June 2014 [changelog]

D. Maurin (LPSC), F. Melot (LPSC), R. Taillet (LAPTh) Last code modification: 20/06/2014
If you use this database, please cite Maurin, Melot, Taillet (arxiv.org/abs/1302.5525).

Description

This database is a compilation of experimental cosmic-ray data. The database includes electrons, positrons, antiprotons, and nuclides up to Z=30 for energies
below the knee. If you spot any errors or omissions, want to contribute, or simply comment on the content of the database, please contact us. We are eager to extend
the database to Z>30 and to higher energy ground measurements and any help is welcome.

Warning: several sets of Solar modulation values are provided per sub-experiment. We refer the user to the discussion in Sect.2.3 of Maurin et al. (2013) for a
complete discussion, and only give below a brief description of the different sets of modulation parameters available in the CRDB: [read more]

Current version f Latest data added / Acknowledgements

Structure of the database

This is a mySQL database containing lists of experiments (name, dates of flight, experimental technique in brief, website), the corresponding publications (ref. and
link to the ADS database), and all available data points (fluxes and ratios of leptons, nuclides, and anti-protons including their statistical and systematic error
whenever available).

Accessing the database

« Experiments/Data: list of experiments, publications, data

« Data extraction: selection by flux/ratio/energy range... (on this web site or via a REST interface)
» Export database contentin USINE or GALPROP compliant format (ASCII files)

» Get all bibtex enfries and Latex cite (by sub-experiment)

Acknowledgements: this project has been financially supported by the PNHE

IV-B CRDB


http://lpsc.in2p3.fr/crdb

CRDB snapshots: 'Experiment/Data’ tab (1)

Welcome Experimel‘utsFData%Data extraction Links New data ‘

[sort by name] [sort by date] “ List of acronyms 297 entries

@ IMP8 (1974/01-1977/11) - 3 years data 74-77 ‘A
[data] [Beatty etal., ApJ 294, 445 (1985)] 2H/*He I

® IMP8 (1974/01-1978/10) - 4 years data 74-78 ‘A
[data] [Garcia-Munoz etal., ApJS 64, 269 (1987)] Li/C, Be/C, Be/B, Sc/Fe, ViFe, B/C, N/O

Balloon (1964,1965,1966)

@ Balloon (1964/07) - 2 flights Fort Churchill (Canada) “A
[data] [L'Heureux, ApJ 148,399 (1967)]e +e”

@ Balloon (1965/06+1965/07) - 2 flights Fort Churchill (Canada) S}
[data] [L'Heureux, ApJ 148,399 (1967)]e +e*

® Balloon (1966/06) - 3 flights Fort Churchill (Canada) “&
[data] [L'Heureux & Meyer, Canadian J. of Phys. 46, 892 (1968)]e +e T

Balloon (1965+1966)

@ Balloon (1965/07+1965/08+1966/06) - & flights Fort Churchill (Canada) Q
[data] [Fanselow etal., ApJ 158, 771 (1969)]e "/fe +e "), e *, e +e" replaces [data] [Hartman, ApJ 150, 371 (1967)] e "fe +e")
[data] [Fanselow, ApJ 152, 783 (1968)]e "

Balloon (1965,1966,1967,1968)

@ Balloon (1965/07) - 1 flight de Bilt (Netherlands) ‘A

[data] [Bleeker etal., ICRC 1,327 (1965)e +e ~
IV-B CRDB



CRDB snapshots: 'Experiment/Data’ tab (2)

Balloon (1964/07) - 2 flights Fort Churchill (Canada) =

TELESGOPE COUNTER I

GAS CERENKOV
COUNTER C

TELESCOPE COUNTER T
LEAD ABSORBER(IO 8g/em?)

ANTI-COINCIDENGE
COUNTER Al

SHOWER COUNTER S

GUARD COUNTER A2

LEAD GLASS
GERENKOV GOUNTER I

GUARD COUNTER A3

PLAST c

|
SCINTILLATOR




CRDB snapshots: 'Experiment/Data’ tab (3)

Experiment: IMP x

—Sub-experiment: IMP8 (1974/01-1978/10)
Description: Sapphire Cerenkov radiator, plastic scintillator, Li-drifted Si detectors Q )
Date(s): 1974/01/01-00:00:00 => 1978/10/01-00:00:00
Flight: 4 years data 74-78
Distance: 1 AU
Solar modulation: Parameters > All dat

y Ref (ADS url): Garcia-Munoz et al., ApJS 64, 269 (1987) sub-

Daia E axis: EKN (kinetic energy per nucleon)

Quantities: Li/C, Be/C, Be/B, Sc/Fe, ViFe, BIC, N/O

Export data content in USINE or GALPROP compliant format (ASCI files) Y,
ata & units
Ratio <E> Bin range Value  Stat Err Syst Err
[GeVin] [-1

SciFe 0.227 [0.087,0.366] 4.800000e-2 £0.009 -

[Top]

V/Fe 0.235 [0.09,0.38] 9.400000e-2 z0.01 -

[Top]

N/O 0.0341 [0.025,0.043] 2.800000e-1 z0.04 -

N/O 0.0602 [0.049,0.0714] 2.600000e-1 x0.02 -
N/O 0.0827 [0.0714,0.094] 2.400000e-1 +0.02 -
N/O 0.1052 [0.094,0.1164] 2.400000e-1 +0.02 -
N/O 0.1279 [0.1164,0.1393] 2.400000e-1 z0.02 -
N/O 0.1506 [0.1393,0.1618] 2.700000e-1 z0.02 -
NfO 0.173 [0.1618,0.1842] 2.700000e-1 +0.02 -
[Top]

il nn7? MmA2an114l 1 20000021 +0 N1 =

‘ Close ‘



CRDB snapshots: 'Experiment/Data’ tab (4)

N

Solar modulation values for sub-experiment IMP8 (1974/01-1978/10)

[ [Frompublication | NM[Usow] |
Spherically Symmetry

; : Force-Field
Fisk & Axford (1969), Fisk (1971), Beatty et i
Modulation Model |al. (1993) Gleeson and Axford (1967, 1968), Perko (1987), Caballero-Lopez & Moraal

(2004)

= Solar wind and diffusion parameters - Free parameter is ® (small phi)

absorbed in free parameter @ (small phi) .

s e — O
Vae[V] (490)  (anizas ) owmnar ortmSsuorexperment——
ADS Reference |Garcia-Munoz et al., ApJS 64, 269 (1987) , URSTCIIR2.105 P01 : : :

\
Eommanti e it e U RRESets Available for the period [07/1936-12/2000]
\ differently
l- Leaky-Box calculation LIS flux hypothesis
k = |S flux calculated from Leaky-Box Model |- Generally a power law in rigidity

" Dam [CRdaiafiom the publcaion

Implementation in |Hard-coded: must be entered for each new |External routine (depends on sub-exp dates): interpolates/averages the
CRDB sub-exp modulation between flight dates based on Tab.3 of Usoskin et al. (2011)

Hypotheses

Close




CRDB snapshots: 'Data extraction' tab (1)

[ Welcome Experiments/Data Data extraction Links New data

-Flux or ratio selection
Show native data

c

REST interface

/ o

Predefined quantities: )C, ““Be/Be, “Bei’Be, 'H, 'H'H, e "/e +&*, SubFe/Fe

Add also 12C data in selection

Energy axis:  |[EKN (kinetic energy per nucleon) v | ¥

Flux rescaling (Flux * <E>®):

Energy range: from GeVinto GeVin
Solar modulation evaluation:  |NM [Uso11] v @
Sub-experiments (w/o time interval): o
Global time interval:  from to o
Show also data from approximate combinations: N e

Extract selection

IV-B CRDB



CRDB snapshots: 'Data extraction' tab (2)

C element flux (Energy type: EKN, Solar modulation: NM [Uso11])

~Plot & Export - Hide

CRDB (hitp://lpsc.inZp3. fricrdb)

ACE-CRIS(1997/08. 1998/0:4)

ACE-CRIS(1998/01-199%/01)

ACE-CRIS(2001/05- 2003/065)

ACE-CRIS(2009/03- 20101 )

AT 00GE00 )

Balloon{ 1971500+ 1972/10)

Balloon{1972/10)

Balloan( 1974707+ 197408+ 1976/0¢

Balloan{1976:09)

Ballesan{ 1976/ 10)

Balloan(1991400)

CREAM-1I{2005/12- 2006/00 )
=k CRN-Spacelab2(1985/07-1985/08)

L e e el L4 lllllll L1 s aamal 1o aeaul SRRt |

rode 1 10 10° 10* 10*
Ekn [GeV/n]

| GetROOTMacro | - | GefDataFiles | - | GetUsineFile = - | GetGALPROPFlE ™, - | GetPlot | - = Replot —
\ /

\ Export data (ASCII, etc.) Export image

HEAQI-C( 197971 0- 1980:06)

TRACERDG(2006/07)

—List of sub-experiments found for C element flux selection - Hide

Getlatexcite | | GetBibtex

#
Sub-experiment name (dates) R Modulation Reference

ACE-CRIS (1997/08-1098/04) "\ WEB] 7 ¢=42526 MV Lave etal, Apd 770, 117 (2013)
ACE-CRIS (1998/01-1999/01) “\ [WEB] 9¢  ¢=508+ 26 MV De Nolfo etal,, AUSR 38, 1558 (2006)

ACE-CRIS (2001/05-2003/09) Q\ [WEB] 7 ¢=917 £ 26 MV Lave etal.. Apd 770, 117 (2013)

-




CRDB snapshots: 'Data extraction' tab (3)

_

—Sub-experiment selection

WACE-CRIS (1997/08-1998/04)
WACE-CRIS (1998/01-1999/01)
WACE-CRIS (2001/05-2003/09)
WACE-CRIS (2009/03-2010/01)
WATICO02 (2003/01)

"Balloon (1971/09+1972/10)

" Balloon (1972/10)

@Balloon (1974/07+1974/08+1976/09)
'“Balloon (1976/09)

"Balloon (1976/10)

"Balloon (1991/09)

WCREAM-I (2005/12-2006/01)
WCRN-Spacelab2 (1985/07-1985/08)
WHEAO3-C2 (1979/10-1980/06)
WTRACERO6 (2006/07)

" Uncheck All |

CRDB (http:s/lpsec, in2p3. frierdb)
L

~Graphical settings

Energy bin range: @show hide

Y-axis min value; |

Y-axis max value; | |
Y-axis scale: " linear @log

Image size X; 750 |
Image size Y: 400

x' replot |%

[y
—_—

.1.‘. r{"i =
E:-r..t-_.-'l‘u}'ﬂ*n,_.aq.#f "
= 9

.-f

[
2, =

"
e
bh &

/mm? s sr]?
e e
= o
‘ ._‘E

ACE-CRIS(1997/08- 1998/ 04)
ACE-CRIS(199801-1999/01)
ACE-CRIS(200105- 2003/09)
ACE-CRIS(2009:03-2010:01)

OO % +

ATICO2 200301

[

Balloan({ 197 1000+ 1972/ 10)

LA |

Balloan{ 19727 10}

4 S :--\.: i i
% =] Balloon( 197407+ 197408+ 197608



CRDB: 'New data' tab

-Adding new data to the CR database

1. Tell us who you are *;

2. Fill and submit data (and instrument-
related infos);

3. The data become available after
internal validation (a few days later at
most).

1“rThe email is used for contact purpose only (it will not appear on

the website). The name, address, and institute are used to

acknowledge your contribution in the "Welcome” webpage.

-Step 1: contact details

First name: sponge

Last name: bob

Email |

address: spongebob@crazy.com

Institute: Dleep orange

go! |

Contact: crdatabase@|psc.in2p3.fr

IV-B CRDB



Charged signals: electrons/positrons, antibaryons

IV - Transport in the heliosphere
Charged signals: electrons/positrons, antibaryons

IV-C Anti-p, anti-d, and positron fraction
1. Where to look for new physics in GCRs



1. Source injection
* spectrum ~ R?
» abundances

2. Transport in the Galaxy
« diffusion: R?®
e convection

* energy gains/losses
» fragmentation/decay

@ Mark Al Garlick f space-art

LooLuk

(astrophysics + particle physics)

Where to look for new physics in

GCRs: which species?

(nuclear physics)

Galactic
wind

What about dark matter?

Universe (after Planck)
* 68.3 % dark energy

* 26.8 % dark matter

* 4.9 % ordinary matter

MW dark matter halo
e ~ spherical halo
* radius ~300 kpc

~"- How to detect dark matter?

Production (colliders)

@ » 0 A

Standard Aﬂ(
matter . \matt:r
-

UOT10919P 10II(]

-

IV-C.1 Targets?




1. Source injection 2. Transport in the Galaxy

What about dark matter?

« diffusion: R® < energy gains/losses

* spectrum ~ R?
e convection » fragmentation/decay

e abundances

. (MHD) (nuclear physics)

Universe (after Planck)
* 68.3 % dark energy

* 26.8 % dark matter

* 4.9 % ordinary matter

Galactic
wind

MW dark matter halo
e ~ spherical halo
* radius ~300 kpc

@ Mark Al Garlick f space-art.co.uk

(astrophysics + particle physics)

Approach followed:
— Calibrate transport (model vs data): B/C, '"Be/’Be

‘How to detect dark matter?

Production (colliders)

) » 0 A

Standard Aﬂ(

matter \matt:r
- \J

UOT10919P 10II(]

IV-C.1 Targets?




2. Transport in the Galaxy

« diffusion: R® < energy gains/losses
e convection » fragmentation/decay

1. Source injection
* spectrum ~ R?
» abundances

. (MHD) (nuclear physics)

Galactic
wind

(astrophysics + particle physics)

Approach followed:

— Calibrate transport (model vs data): B/C, '"Be/’Be
— Calculate rare secondary fluxes (e", antiproton, antideuteron)

What about dark matter?

Universe (after Planck)
* 68.3 % dark energy

* 26.8 % dark matter

* 4.9 % ordinary matter

MW dark matter halo
e ~ spherical halo
* radius ~300 kpc

<" How to detect dark matter?

Production (colliders)

) » 0 A

Standard Aﬂ(

matter \matt:r
- \J

UOT10919P 10II(]

IV-C.1 Targets?




1. Source injection
* spectrum ~ R?
» abundances

2. Transport in the Galaxy

« diffusion: R® < energy gains/losses
» fragmentation/decay

e convection

(astrophysics + particle physics)

Approach followed:

— Calibrate transport (model vs data): B/C, '"Be/’Be
— Calculate rare secondary fluxes (e", antiproton, antideuteron)

— Excess from DM annihilation?

(nuclear physics)

Galactic

wind

What about dark matter?

Universe (after Planck)
* 68.3 % dark energy

* 26.8 % dark matter

* 4.9 % ordinary matter

MW dark matter halo
e ~ spherical halo
* radius ~300 kpc

<" How to detect dark matter?

Production (colliders)

@ » 0 A

Standard Aﬂ(
matter . \matt:r
-

UOT10919P 10II(]

-

IV-C.1 Targets?




Initial motivation for DM 1n antiprotons

Excess in the antiproton flux?

Stecker, Rudaz & Walsh, Phys. Rev. Lett. 55, 2622 (1985)

I T 'IFI[ll 1 U fIITIII I T LA

1

Lol

- =20 GeV T T T TTITIT T T T T TTT] T T T T 71717
— u mx - \
T - g -3}
> 103 =
@ -~ -
(U] - =]
o107 E - -
Tm _ o B -
S
o 1 v r T
IE R ]
o T <. p
10 " T, =
102 — - ~ 3
g i / 7
. / n
| ;/ .
10—3 1 1 1 I.Illll 1 1 L1 L L1l 10—5 'l | 1 1 lllil / L 1 1 I]Il] | 1 1 L1 i li
107! 10 102 0.1 10 102
T(p) GeV T(p]' (GeV)

. What are the 3 possible conclusions?
IV-C.1 Targets?



Charged signals: electrons/positrons, antibaryons

IV - Transport in the heliosphere
Charged signals: electrons/positrons, antibaryons

IV-C Anti-p, anti-d, and positron fraction

2. “Backgrounds” from secondary production



Astrophysical backgrounds: source terms to consider

Variation

—~—_ Spatial transport: diffusion+convection

E losses and gains

——

ONJ 7

=

- (-ﬁ-(D(E,?)%))N-ﬁ(?)) Ny 2

Q"™ (1 EY~ g/R™ X[ fonr (r)] 45

continuum

[P ae-ro.B ]|

secondary rdﬂ- He 10
- (nE)= E n' —NP7(EYdE
‘d‘ j:i L]

Fp o (p.He)+(H.He) dE

N (RE) = )| nutneve (E)NP(r,E)

Mmp>mg

(bJNJ - DEEa_E) Errad + rincl_j NJ = Qj(ta Ea ?)

Catastrophic losses Source
e

ON/

e N )
S6Fe S6Fe
| |
12I {’ 12I
C 2 C
1?3133e %I/X(’/. O 1?3}336
41_:1 _l_'ﬂ é\X/\/. 41_:1
c N c
'q £ 'q
T — 77 —
p:f' O dl—‘_ﬂ ’]) paf'
c — ] — c
SOV I % o L)

— Calculate p, €, v, v from p, He

IV-C.2 Backgrounds



p,He,CNO H,He,CNO o doiti
4an f

Qsec( ) =9 Z Z

i=CRs  j=ISM m P

thresh

X (Tﬁ, Tf)(I)f(Tf)de:

p+p — pbar + ?

What 1s the threshold to create a pbar?
What 1s the threshold to create a dbar?

A+B—-C+X

5:Pi+P§:mi+m%+2EAEB—2ﬁA - PB

IV-C.2 Backgrounds



oy =2 Y > 4m,

p,He,CNO H He, CNO f doiti

1=CRs j=ISM thresh

X (T_, Tf)(I)f(Tf)de:

p+p — pbar + ?

What 1s the threshold to create a pbar?
What 1s the threshold to create a dbar?

/

N

p+p— p+ppp
p+p —d(= ph)+pppn

A+B—-C+X

5:Pi+P§:mi+m%+2EAEB—2ﬁA - PB

CR framework: p+H with H at rest
CMS: all particles at rest @ threshold

IV-C.2 Backgrounds



Antiprotons and antideutons: secondary source term

oy =2 Y > 4m,

p,He,CNO H,He, CNO f doiti
i=CRs j=ISM

thresh

X (T_, Tf)(I)f(Tf)de:

p+p — pbar + ?

What 1s the threshold to create a pbar?
What 1s the threshold to create a dbar?

p+p—p+ppp E =7m
p+p — d(= pr)+pppn E 1ﬁn

" A+B—oC+X
5:Pi+P§:mi+m%+2EAEB—2ﬁA - PB

CR framework: p+H with H at rest

CMS: all particles at rest @ threshold
~ IV-C.2 Backgrounds




Antiprotons and antideutons: secondary source term &

p,He,CNO H,He,CNO 00 da-l +]
Qsec (Tﬁ) =7 Z Z 4'1Tﬂj f AT -
i=CRs j=ISM m P

X (Tﬁ’ Tf)(I)f(Tf)de’

Duperray et al., PRD 71, 083013 (2005)

Anti-protons

flux antiproton (m” s sr’ GeV™)

Kinetic energy per nucleon (GeV/n)

— Dominant contributors: H and He (GCRs and ISM)

IV-C.2 Backgrounds



Antiprotons and antideutons: secondary source term

p,He,CNO H,He,CNO 00 da-l +]
Qsec (Tﬁ) =7 Z Z 4'1Tﬂj f AT
i=CRs ] =ISM mthresh ﬁ

X (Tﬁ’ Tf)(I)f(Tf)de’

Duperray et al., PRD 71, 083013 (2005)

Anti-protons Anti-deutérons

Ea . T T T
> 2 107 4
O &
':'l_ w
n ]
" E
= -35
E - 074
= k]
2 ©
2 5
b -36
£ 8 10%
x z
= 73]
= C
]
-D 37
107 =
S
]
v
0,1 1 10 100 10 S R S— ——— —— T
Kinetic energy per nucleon (GeV/n) 01 1 10 100

Kinetic energy per nucleon (GeV/n)

— Dominant contributors: H and He (GCRs and ISM)

IV-C.2 Backgrounds



Antiprotons and antideutons: secondary source term

p,He,CNO H,He,CNO 00 da-l+l
QSEC(Tﬁ) - 41mn j f

dT,

thresh

1=CRs j=ISM

X (Tﬁ: Ti)q)f (Ti)dTi:

Duperray et al., PRD 71, 083013 (2005)

Anti-protons Anti-deutérons

Coalescence: pbar and nbar must be
produce close in momentum space

d*N; 4w ¢ d°N,\s &N,
Yaps T3 “’”("’ dp3 )(” d*ﬁ)

‘}deNd=4—ﬂp3(T{PNp)z
dp;, 3 7°\"dp )’

flux antiproton (m” s sr’ GeV™)

— Coalescence momentum fitted on few data
(~ 20% uncertainty on po)

0,1 1 10 100
Kinetic energy per nucleon (GeV/n)

IV-C.2 Backgrounds



Antiprotons and antideutons: tertiary source term

fe's) pp—pX
0(T.) = amn | 2 [T (T., T-)D - (T.)dT".
P P dT P’ P\ p Pl
T p

— 2035 (Tp) @, (T; ]

pbar(T) + p — pbar(T'<T) + X (resonances)

‘a What 1s the effect on the pbar
low energy spectrum?

IV-C.2 Backgrounds



Antiprotons and antideutons: tertiary source term

0o JgPP—PX

Qwr(rﬁ)=4ﬂ.np[2 L e (T Tty

— 262X (T) D, (Tﬁ)],

Without tertiaries
With tertiaries

Major contribution
to the tertiaries

200000\
SOV eSere
L 0.4».4 4» JZEN
N0 0000Z00:
0000000
0000000
0000000
0000000
0000000
000000000
900000006!
L LLELLELLE
0000

0

No contribution
(flux too low)

N N N
0:0:0
OO

N N
)
>
5L

Antirproton flux (arbitrary scale)

Ek (arbitrary scale) IV-C.2 Backgrounds



Antiprotons and antideutons: tertiary source term &

00 pp—pX
0x(T,) = dmn | 2 [~ 2 (1L, T,), (Th)dT
P P dT S S S P
Tp p

— 200" (T5)®,(T; ]

Duperray et al., PRD 71, 083013 (2005)

Anti-protons Anti-deutérons
‘_f—‘\ T T T L LB | T T T LI B L |
.’E IS flux N 1 IS flux
= =
= 1 . . ina — 107 4 .
v without Q > total E
O 107 5 _ = 8 ————— without @ ]
0 ~
| — —
% R Y pu—
™ I B - Q™'=1+2+3 (new)
Nu:- ' -8 1 2 GeVfn < Q" <10 GeV/n
.E e~ 10 - 2 10 GeVjn < Q" < 100 GeV/n 3
~ 1074 - e 31 JS oA s -
= 3 ~—
=] X e
= =R A e
a I R N
na 3 o T T
,. Q" am oy
w04/ BT QU=14243 (new) i
1 2GeVn<Q@<10Gev/n % X 1 e W
2 10 GeV/n < Q™ <100 GeV/n i N
3 e Q™ <2GeV/n | | 107 | P AN -
5 : : . ' . ST .
10 ——— ey ST . A T A
0,1 1 10 100 01 1 10 100

Kinetic energy per nucleon (GeV/n) Kinetic energy per nucleon (GeV/n)

— Inelastic non-annihilating cross section: fill low energy
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Antiprotons and antideutons: propagation 1s fixed form B/C

Sources
(acceleration in shock waves)

4 C @ .

L Propagation (1)

(diffusion on magnetic inhomogeneities)

J

Interaction
(with interstellar medium)

B I _

< Propagation (2)

Primary species

(H, He)

<4

, can thus
The B/C ratio Detection on Earth...

characterises propagation be evaluated...

wn
Q
o i
Q
Q
o
wn
)
N
ge}
o
o
o
Q
Q
N

— Same propagation history

) . o
Do we expect large or small propagation uncertainties® [V-C.2 Backgrounds




“Background” uncertainties

Previous transport parameters (no free parameters) + nuclear X-sections

Donato et al., PRL 102 (2009) 071301 Donato et al. PRD 78 (2008) 043506
T T T T T TTT] T T T T T T T 106 - . — T . — T
— Envelopes (plopagatlon uncertainty) - F
e d6?/dE: Donato et al. 2001 _ I
= - d6?/dE: Bringmann & Salati 07 3 - P,
: T, : — 10_7 - __‘,,-' - __,,--’ ____ _-"*x -
- ® PAMELA 2008 —%_. """§ g — \i o ___/-"'/ /.//:,""' -
T el = b o ~ L
4 T | T = B .
510 - =<
3] - 1 = g
= u -8 | -
= B 7] n 10 / 3
(STt | S — . . ]
e 107E S ¢ WIZARD-MASS91Y ¢
- = BESS 98 4
. — : BESS 99 A CAPRICE %4 - E 10-9 3 IS fluxes _E
10 = BESS 00 3 E|E solid: astrophysical uncertainty \
E = BESS 02 ¢ HEAT-pbar 00 E = dotied: nuclear uncertainty o
: = BESS-Polar 04 : N
10-7 I'" 1 Lol 1 Lol 1 Ll il 10_1001 - Illlll_ll ' ' Illlll]_l(] ! ' ""'1100
107! 1 10 102 ‘ T- (GeV/n)
T" [GeV] >

1. Good agreement between model and data (no dark matter needed)
2. Nuclear physics uncertainties > propagation uncertainties

— Due to uncertainties (including solar modulation),

constraints on non-detection difficult to improve
IV-C.2 Backgrounds



Charged signals: electrons/positrons, antibaryons

IV - Transport in the heliosphere
Charged signals: electrons/positrons, antibaryons

IV-C Anti-p, anti-d, and positron fraction

3. Uncertainties on DM signals (propagation, DM)

IV-C.3 Signal



Dark matter contribution: primary source term in the halo

2
primg o 2 1 PDM ('.-"., ,Z)
q(f ("?AﬁE)_n‘g < : '
L My
b
dNp _ S B ANy
dE5 o Xt dE5
' S '
e Sub-dominant DM candidate . -
€
* Annihilation cross section =
o -
|
 Annihilation spectrum .
» Dark matter density in the Galaxy E :
E " m,= 100 GeV, TOA A
» Mass of the DM candidate & 107k solid: v, dotted: uu 3
o E short-dashed:WW, long-dashed: 22
| dot-dashed: tt (m, =200}
1(}-1“ L 1 IlIIII| 1 1 IIIIII| 1 1 O .
0.1 1 10 100

T; (GeV/n)
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Do/L degeneracy: impact on dark matter signal

d {K(z)ﬂ} T Vea@N 1+ nur2hS@N = gz, E) A
dz Diffusive Halo :

+ isotropic diffusion K(E) = .o @ [ K(z,E) | * Vgal(2)

+no galacticwind T 2h-tefeoooon e —
Dtak (standard sources + spallations)

Transport parameters from B/C analysis

—KN" + nvo2hé(z) X N = 2hé(z2)Q(E)

Parameters
matching
B/C data
a
&
KO/L .
degeneracy 2
LC'EH G002 OUUJ IJD(H UDD& 'DEIIJE ﬂUﬂ? UCOG

Ky @ [pe Myr')
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Do/L degeneracy: impact on dark matter signal

d {K(z)ﬂ} Ve @N1 + mo2h6@N = gz, E) A
dz Diffusive Halo
+ 1sotropic diffusion K(E) = @’ @ l K(zE) | * Vgal(2)
+no galacticwind 7 -t S Emm—— ——
lel. (standard sources + spallations)
Transport parameters from B/C analysis Dark matter signal
—KN" + nvo2hé(z) X N = 2hé(2)Q(E)

Parameters _ _ .
matching -0 Solve 1D (pure diffusion) equation
B/C data with a constant distribution of DM

— How does the signal scale?
KO/L
degeneracy

0ooi Gm0E 0005 004 0005 GU0e DO0T  00%
Ky L [kpe Myr]
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Do/L degeneracy: impact on dark matter signal

jz {K(Z}@} [ngl(Z}N] + HU(?'ths(Z}N Q(Z E)

+ isotropic diffusion
+ no galactic wind
Transport parameters from B/C analysis

—KN" + nvo2hé(z) x N = 2hé(2)QO(E)

Parameters
matching
B/C data

KO/L
degeneracy

0ooi Gm0E 0005 004 0005 GU0e DO0T  00%
Ky L [kpe Myr]

Diffusive Halo .
K(E) = @, @ l K(z,E) * Voal(2)

"""""""""""" Iz—ﬂTS
lel. (standard sources + spallations)

Dark matter signal

qL“

—-KN" = = N,
q i, 3)(Z ) 21‘(

Solve 1D (pure diffusion) equation
with a constant distribution of DM
— How does the signal scale?

IV-C.3 Signal



Do/L degeneracy: impact on dark matter signal

d {K(z)ﬂ} T Vea@N 1+ nur2hS@N = gz, E) A
dz Diffusive Halo :
+ 1sotropic diffusion K(E) = "‘ @ l K(zE) ; * Vgall2)
+no galacticwind T 2h bl S || E—— s
Dlhk (standard sources + spallations)
Transport parameters from B/C analysis Dark matter signal
—KN" + nvo2hé(z) x N = 2h8(2)Q(E) g L?
_KN"zq p N{ﬁsa)(zz'[')):—
2K
— for fixed Do/L (from B/C), signal scales with L,
hence the min/med/max parameters
Parameters
matching
B/C data
KO/L :
degeneracy 2

001 2002 ODUJ UD(H UDD& 'DEIUE ﬂUﬂ? U'JOG

Ky @ [pe Myr')
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Do/L degeneracy: impact on dark matter signal

d dN
{K(z)—} Ve @N1 + mo2h6@N = gz, E) A
dz Diffusive Halo :
+ 1sotropic diffusion K(E) = ‘.. @ l K(zE) ; * Vial(2)
+no galacticwind T 2h-befeoo i - | i — e
Dlak (standard sources + spallations)
Transport parameters from B/C analysis Dark matter signal
—KN" + nvo2hd(z) X N = 2h6(2)Q(E) N o= 15
_ K Nrr — = -
q e.az=0) = K
— for fixed Do/L (from B/C), signal scales with L,
hence the min/med/max parameters
Donato et al. (2004)
Parameters c 5 o B » y >
: dse 0 ¢ A XBic
I]l;;lécggéf _ (kpc*/Myr)  (kpc) (km/s)  (km/s)
. ‘max 046 00765 15 5 1176 39.98
. (med  0.70 0.0112 4 12 529  25.68
- (min) 085 00016 1 135 224 3902
KO/L : _ .
degeneracy . N.B.: Ko/L degeneracy also broken for positrons
LC'EH 2002 OUUJ IJDCH UDD& 'DEIIJE ﬂﬂﬂ? UCOG Delahaye et al. (2009)

Ky L [kpe Myr]
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Do/L degeneracy: impact on dark matter signal

d dN
{K(z)—} Ve @N1 + mo2h6@N = gz, E) A
dz Diffusive Halo :
+ 1sotropic diffusion K(E) = ‘.. @ l K(zE) ; * Vial(2)
+no galacticwind T 2h-befeoo i - | i — e
Dlak (standard sources + spallations)
Transport parameters from B/C analysis 10° BRR
10~ m, =50 GeV .
—KN" + nva2hé(z) X N = 2hd(2)Q(E) 7
. 10-% |
ﬁ 10-3 =
T 10
O] 10
@ 1078
7]
or 10-¢ =
Parameters g E
matching o107 .
B/C data g % 0+ | ]
8 10-9 : E:
13 10-10 i 1 Ll | |l'~|l'~| |.'r |:
5 0.1 1 10 100
KO/L . T (GeV/n)
degeneracy . . ~.fac.:tor 100 uncertainty on DM pbar gnd dbar
o O ST TR  Similar (though smaller) efect for positrons

Ky . lhpe M) [Delahaye et al., A&A 501 (2009) §11 Signal



Dark matter distribution

Hierarchical formation of structures in the Universe: from micro-haloes to galaxy clusters

- Aquarius (MW-like) simulation = Springel efal (2008).

" N-body simulations ih briéf: o
 Spatial distributions: core, cuspy, Einasto [gastrophysics]

e Clumpiness [~ 10 % mass] and mass distribution [dN/dM «M™""]
» Minimal mass of substructures [particle physics, tidal disruption]

IV-C.3 Signal



Boost factor of the signal from substructures

Lavalle et al., A&A 479 (2008) 427

Excluded by more recent simulations

,o, Ny

+
4] -
© | Max, Refand Min boost configurations 5] \
- -
3 =
mﬁ - - Min: cored, inner NFW, M__ = 10° 0= 1.8 o [
I Re: cored, inner NFW, M__ = 10°, 0= 1.9
. : _ 10 o =
i - Max:NFW, inner Moore, M =10",a =2 .y T
: Max, Ref and Min boost configurations
10—
- i B Min: cored, inner NFW, M, = 10°,a = 1.8
T B Ret: cored, inner NFW, M_ = 10°, = 1.9
-5 1aN  — Max: NFW, inner Moore, M_ = 10°% 0 =2
14

E [GeV]

— No boost from DM substructures
— Mildly sensitive to DM distribution in the GC (too far away)

IV-C.3 Signal



Prospects for antiprotons [slide from N. Fornengo]

PAMELA bounds - EINASTO profile — annihilating DM

107" — 2 § 1072% ¢ T T ~
Total : : - Bounds from full PAMELA &
| : ]
] cner c
\ 3 Y +j,'l ] 10—24 §_ g{d SP Ctrum
10°F T ‘ E i ;
'%..—..‘ I | e L _25 B o . ]
> 107 E wn E
O] o C e i
Th E B -~ "’i I i
7] O, Phcte
E :a."é - MED . 1
- . ¢ St 4
{éﬂ [ DM 5igna| formg,, =90 E 102 b RS i
- __5ccondarie5 (Eackgroud} *) i 'E’;,,‘f" 7 s
- L MAX . — bb 1
28 | _.‘”f-“ ... ©C _
1077 ¢ ks —— tt :
”f.’ - ww ]
5 ! | ; : 29 v o= |
1{]— 1 1 1 1 | | 1 1 1 1111 |I 1 1 1 11 Tl - 1 1 1 11 1 ||| 1 1 1 1 11 III 1 1 1 L1 1 11
0.1 1 10 100 10 1 10 100 1000
T5 (GeV)
mpm [GeV]
() Donato, Maurin, Brun, Dﬁla]"alj‘-‘i Salati, PRL 102 (2009) 07130 Fornengo, Maccione, Vittino, JCAP 09 (2013) O3l

() Adrianietal. (PAMELA Collab.), PRL 105 (2010) 121101

Caveat: the bounds are rcPortcd (as is usual) under the hﬂpothcsis that the DM candidate

is the dominant DM component, rcgardlcss of its thermal properties in the carIH Universe IV-C.3 Signal



Prospects for antideuterons (low energy)

(m=2 s7! sr~! GeV-1)

b5

First study With improved “background”
10_5; T T T I T T T ""g 10_3§ T T T T T T T T ||ll||§
WL ] = BESS limit ]
107 s r ——————— m,= 50 GeV, TOA ]
107 _ - ULDM = Ultra Long Duration Flight (100-300 days) 3
A~ C LDB = Long Duration Flight
1078 & \.E:\ 1075 & =
= = 3
107 & é’ C ]
. 10-6 & =
1071 & vl E caps 105 E
g ~ i
1o ot 10-7 & =
E E 3
10-12 = — C ~ N ]
— 1078 = N =
10-13 [_|'g E \ N E
A . N
10-14 W 10-9 = A
C - ~
10—15 i 1 1 1 | 1 L1 1 | 1 1 1 | 1 1 1 I- : §
0.1 U'ST Gl v S 10 10-10 i 1 Lol L 111 |-

5 (GeV/n) 0.1 1 10 100
Donato, Fornengo, Salati, PRD 62 (2000) 043003 Donato et al. PRD 78 (2008) 043506

Enhanced production for Heavy DM
Kadastik et al. (2010), Dal & Kachelriess (2012)

— Very good perspectives for the near future (GAPS and AMS-02 experiments)
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Charged signals: electrons/positrons, antibaryons

IV - Transport in the heliosphere
Charged signals: electrons/positrons, antibaryons

IV-C Anti-p, anti-d, and positron fraction

4. Positron fraction

IV-C.4 Positron fraction



Secondary production of e+

Strong et al. (1998)

az'ﬁj 10727 Gev! gl
10 r T ' T " 1 T T
positrons
1k
0.1 electrons =
0-01 <l L L L L | L L | L 1 | L f L
0.01 0.1 1 10 100 1000

€.,GeV

Secondary et+/e- ~ 2.5

IV-C.4 Positron fraction



Propagation uncertainties for secondary positrons

Positron flux

Delahaye et al., A&A 501 (2009) 821

T. Delshoye =1 al (2008)
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N.B.: larger propagation uncertainties on positrons than on antinuclei

(not the same key transport parameters)

— Uncertainties (in addition to propagation ones)

- Production cross-sections: ~factor of 2-3 above a few 10 GeV (positron flux)
- Slope of the electron spectrum: ~ factor of 4 at 100 GeV (positron fraction)

IV-C.4 Positron fraction
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Propagation uncertainties for primary positrons
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Standard (disc) and exotic (diffusive halo) sources have different propagation histories
=> degeneracy of propagation parameters lifted for DM sources
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So, excess in the e +¢” spectrum and positron fraction?

1

E_2%N/dE_ (m2 s~ sr-1GeV?)
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Hum, there this guy...

Positron fraction: origin of the rise at high energy
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— 'Natural' astrophysical prediction (local SNRs, pulsars)
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... and this other guy

Aharonian et al., A&A 26 (1995) 41
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... 1t 1s almost embarrassing

Positron fraction: origin of the rise at high energy

\

T LR L LR R T T
i o AMS-02 h
u o PAMELA A -

A Fermi /

Positron fraction

et energy [GeV]

'Natural' astrophysical prediction
\&
leptophilic boosted dark matter post-diction

— Last place to look for dark matter (local sources): no control on astro. background!

IV-C.4 Positron fraction



Remember: local sources

Delahaye et al., A&A 524 (2010) AS1
e: 27 SNRs within 2 kpc e":200 pulsars within 2 kpc

Delahaye, Lavalle, Linesos, Donato & Formengo (2010 Delshaye. Lavalle, Lineros, Donato & Fornengo (2010)
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— Primary astrophysical contributions enable to reproduce PAMELA data
(Large uncertainties on age, distance, efficiency, number of sources...)

— high-energy e" and ¢ spectra 'background' are hardly under control!
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DM or astrophysics?

Delahaye et al., A&A 524 (2010) AS1

Delahaye, Lavalle, Linercs, Donato & Fornengo (2010)
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Delahaye, Lavalle, Lineros, Donato & Fornengo (2010)

— it 1s useful to check where DM models lie, but always keep astro in mind!
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Charged signals: electrons/positrons, antibaryons

IV - Transport in the heliosphere
Charged signals: electrons/positrons, antibaryons

IV-C Anti-p, anti-d, and positron fraction

6. Summary and perspectives



Indirect dark matter searches with GCRs: summary

Antinuclei (low or high energy)
* Background
— under control (dominated by nuclear uncertainties)
DM signal
— “DM distribution” uncertainties small: no boost, not sensitive to GC
— “Propagation” uncertainties large (x10): better when B/C data from AMS-02
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Indirect dark matter searches with GCRs: summary

Antinuclei (low or high energy)
* Background
— under control (dominated by nuclear uncertainties)
DM signal
— “DM distribution” uncertainties small: no boost, not sensitive to GC
— “Propagation” uncertainties large (x10): better when B/C data from AMS-02

Electrons and positrons (high energy)
e Background
— completely not under control (dominated by local sources, etc.)!
DM signal
— “DM distribution” uncertainties small: no boost, not sensitive to GC
— “Propagation” uncertainties large (x5): better when B/C data from AMS-02

N.B.: no standard propagation model yet, barely
parameter values from various 'effective' models

— Antideuterons best target for DM discovery/constraints
— Positrons fraction (and e'+¢") worst target for discovery/constraints

— Credible signature requires: multi-messenger,
multi-wavelength, cross-correlations...



Indirect dark matter searches: why so many claims?

Scarce data, data in extreme range of instrument capabilities, detector issue
* 1 GV & 10 GeV antiproton excess (in the 80's and 90's)
* 10 GeV EGRET excess (in the 00")
* 500 GeV ATIC excess (in 2008)
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Indirect dark matter searches: why so many claims?

Scarce data, data in extreme range of instrument capabilities, detector issile
* 1 GV & 10 GeV antiproton excess (in the 80's and 90's)
* 10 GeV EGRET excess (in the 00")
* 500 GeV ATIC excess (in 2008)

Inflation...
Correct data, but do not want to see the astrophysics @
e 511 keV annihilation line (INTEGRAL/SPI) [still unclear] .
e 10 GeV HEAT positron fraction bump (in the 90') Speculation bubble?

* Rise of the positron fraction (PAMELA/AMS-02) =

v

Correct, but too much data for the physicist own good (Fermi-LAT era) Impact on real science?
10 GeV annihilation line in the galactic centre

130 GeV line in the Galactic center

110 and 130 GeV line in galaxy cluster j
XXX GeV line somewhere
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