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Where do and come from?

Mostly locally within 1 Kpc, due to the energy losses by
Synchrotron Radiation and Inverse Compton

Typical lifetime
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Antiprotons within 10 Kpc







ALL ELECTRON INCLUSIVE SPECTRUM
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Emulsion chambers (1068-70) Hartman | 1077) Tang (1980)
30 GeV-15TeV [B.2r. L] 0-300 GeV [Br. ] 4-280 GeV [185r. |
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Meegan (106073 BETS (1007-08)
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» Imaging calorimeters (energy measurement
and background rejection).

» Many different implementations explored.

Courtesy of Luca Baldini




Electrons (e + e*) - early experiments (1970-2000)

e Zatsepin, 1971

e Meyer, 1971

e Silverberg, 1973

= TIFR(Anand), 1973

@ Nymmik, 1981

|1 = Tang, 1984 (Chicago)
4 Nishimura (1999)
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Models

Moskalenko, Strong (1998) | | | 1
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Balloon data : Positron fraction before 1990
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Muller & Tang 1987
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~ Antimatter Search

dboration
~ BESS (93,95, 97, 98, 2000)
Heat (94, 95, 2000)
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Electrons

E* x porticles / (Gev™ m® ar 8

[ This work

Ll ¥ A Barwick ef ol, 1558 .
i * v Bosini et ol 1995 -

| O Galden et al, 1994

; @ Calden et al, 1984

+ Harlmon & Pallenn 1976

4 # Bulfinglon &t al. 1975
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EY & particles / (Gev m' & 5)

Positrons

s Thig mork

4 Barwick &l al, 1958
O Galden st al, 1994
& CGolden et al. 1987

& Buffinglan at al. 1975 |
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¢ Fanselow et al. 1963
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Charge ratio (e*/e*+e7)
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Space and LDF Missions

ATIC
2002 - 2007
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Flux x E3 (ssr''m2 GeV') x GeV?
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Electron flux
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PAMELA and FERMI electrons
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Positron fraction ¢(e*) / (o(e*) +d(e’) )

Positron fraction

GALPROP
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PAMMELA Artificial Neural Metworks (MLP}

PAMEL A Lower Emit 3% CL
Fermi 2041

Aesop (Clem & Evenson 2007}
HEATOO

AMSO1

CAPRICESS

HEAT94+35

TSa3

MASSHY

Muller & Tang 1387

0.01

...................................... T ==t - S (= S S

Moskalenko & Strong 95

1

10

100
Energy [GeV]



e'/l(e"+e’)

PAMELA and AESOP DATA

Models Data
Uniform model (ﬁ,’ﬂ =23, Y, = 2.7) —=a—— AESOP 97+98
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Positron fraction ¢(e*) / (o(e*) +d(e’) )

Positron fraction

GALPROP
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o Stars and galaxies are only ~0.5% S

‘ | @ baryon
o Neutrinos are ~0.1-1.5% e
o Rest of ordinary matter ® dark matter

(electrons, protons & neutrons) are 44% © dark energy
o Dark Matter 23%
o Dark Energy 73% //
o Anti-Matter 0%
o Higgs Bose-Einstein condensate
~10%2%2?




DM annihilations

DM particles are stable. They can annihilate in pairs.

Primary annihilation
channels Decay Flnal states

' 2
flux xn Uannlhﬂatlon

astro& partlcle reference cross section: B
cosmo o =3-10"%%cm? /sec 0,= <ov>




A Challenging Puzzle for CR Physics
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Example: Dark Matter

Phys.Rev.D79:103529,2009

Phys.Rev.D8:103520,2008

Bergstrim, Bringmann & Eds)d (2008
T T T
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EM5' (m,=132 CeV)

BM3 (=233 GeV)

[ background
0,01 . :

5 10 20 5il
E.. [GeV]

Majorana DM with hew internal bremsstrahlung
correction. NB: requires annihilation cross-

section to be ‘boosted’ by >1000.

B (b +d,-)

s (gt )

0.20

0.05

0.0z

0.01

0.20

.10

0.03

0.0z

0.01
5

— i — —— I
- mpe=800 GeV, BF=415, ¥ def=0107
| myw=800 CeV. BF=1100, x*/dof-1.29

1 L1 | | 1 1 I 1 L1 1 I ]
5 10 20 50 100 200
B, (GeV)

T L | T T T LI
b mee=600 GeV, BF=700. "/ dot=0.88
| mgw=HO0 Gev, BF=1800, x*/dol=0.80

e -

Propogation Modzl B

L—i Lo | | i i I | I _J_.
10 20 50 100 200
E, (CeV)

Kaluza-Klein dark matter
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radiation
Ay ;?-l- i
Magnetic Pousdt S W |
< 3 ST N\ \
field lines S s LA RER
> SN\ \ l
P bl \ !
” > - \ \ l\ [ M \ 3
5 .. ] "; P agnelic axis

A NEUTRON STAR WITH A

3 = STRONG MAGNETIC FIELD:

\

" | FAST ROTATING PULSAR

|

| (P =33 msec)

N

/ L(spindown) =5 10%% erg/s

5 4
¥ Bwa
s
i \
A \
4 \
\
\ Qe -
\ -
\
|
\
~——— S

Energetic charged
particles




Example: pulsars
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& PAMELA 2008 )
0 HEAT Combined

03— « Clem 2008 —
v AMS 2007
B DEN 1993 7
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E [GeV]

H. Yiksak et al., arXiv:0810.2784v2
Contributions of e- & e+ from
Geminga assuming different distance,
age and energetic of the pulsar
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A Challenging Puzzle for CR Physics

Solid line — E =100TeV
Max
dash—dot line — E =10TeV
Max

dotted line — Emm=jTeV
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P.Blasi, PRL 103 (2009)
051104; 4

Positrons (and electrons)
produced as secondaries in the
sources (e.g. SNR) where CRs
are accelerated.

S: Sarkar
PhysRev.Lett.103:081104,2009
arXiv:1108.1753. Nearby
sources

But also other secondaries are
produced: significant increase
expected in the p/p and B/C
ratios.

Y. Fujita
Phys.Rev.D80:063003,2009
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N.J. Shaviv et al.,
PRL 103 (2009) 111302;



All electron spectrum

Silicon Detector Si

Some Dimensions are Distorted
for Clarity of Presentation
Complete GLAST
4 x 4 Array of Towers
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AII three ATIC fllghts are con5|stent

< 1,000

3 : Preliminary
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< [ ATIC 1+2+4 +- ]
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T To ) E
10 100 1,000

Energy (GeV)

E.°dN/dE, (m s 'sr™'GeV?)

1 OOOE
[ Prellmlnary
%@ﬁ *g*
100 F i Ly
L ATIC1
ATIC 2
ATIC 4 T
10 100 1,000

Energy (GeV)

“Source on/source off” significance of bump for ATIC1+2 is

about 3.8 sigma
J Chang et al. Nature 456, 362 (2008)

ATIC-4 with 10 BGO layers has improved
e, p separation. (~4x lower background)

“Bump” is seen 1n all three flights.

Significance for ATIC1+2+4 is 5.1 sigma




Example: DM
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B i + P}

B il + B}

* Propose a new light boson (me = GeV), such that yy—®®; ®—ete, pru,
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m,= 1000 GEV, BF =440
m_= 400 GeV, BF =72
m,= 130 GV, BF = 14

| Background
—s— PAMELA Data

T

I XDMe" e Channel

10 100
Enengy (GeV)

. Cholis et al. arXiv:0811.3641v1
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- 300 GeV, BF - E0 (DM + Background)
m, = 1mswar-zr:w+aamg
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DM Conirbution J‘

" m, =700 GeV, B = 163 (DM ¢ Backgraund)

10 100
Frcronr (f3ahd

[ m,, = 1.0 TaV, BF = 20 (DM + Background)

L m, = 400 Gev, BF = 53 [OM = Background)

[ m,, = 150 Gy, 5F = 25 (DM = Background)
| Backgrouna

ATIC Data -
[ PPB-SETS Data
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10 100
Energy (GeV)

* Light boson, so decays to antiprotons are kinematically suppressed




Flux x E®, m-%-ster GeV?

All Electron Spectrum

Models

Uniform model (y =2.3,7 =2.7)
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PPB-BETS, 2007
H.E.S.S., 2009, LE analysis
H.E.S.S., 2009, HE analysis
Fermi/LAT, 2010, LE analysi
Fermi/LAT, 2010, HE analysij

PAMELA, 2010, e+e*
ECC(Nishimura), 2011
MAGIC, 2011 (preliminary)
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ATIC-2+ATIC-4




Fermi (e*+ e’) and PAMELA ratio
Bergstrom et al. Phys.Rev.Lett.103:031103,2009

Bergstrom, Edsjo & Zaharijas 2009
T | T T T T T T T T |

Mom = 1.6 TeV, 100% p*p, E-=1100
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Flux<E® (s sr''m? GeV?)

ATIC
Kobayashi
PPB-BETS
Fermi
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Solar Modulation of galactic cosmic rays

Intensita Neutron Monitor di Roma (dati mensili)
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« Study of solar modulation 5 b
a0 mm Pamela
O o
«  Study of charge sign _
dependent effects B - @ Caprice / Mass /TS93
© BESS
Asaoka Y. et al. 2002, Phys. Rev. Lett. 88, B0 Ariviririririviriviririririr i
051101) SRS O B0 B B2E3 R4 BABEGY BB RRV0 71 727374 7a 7677 7878031 3258334 8558637580 399091 9253949596597 9393 0 1 2 3 4 5 6 7
Bieber, J.W,, et al. Physi-cal Review Letters,
84, 674, 1999.
J. Clem et al. 30th ICRC 2007 Smoothed Sunspot Number
U.W. Langner, M.S. Potgieter, Advances in Monthly Averages

Space Research 34 (2004)
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Kinetic energy (GeV)




Fluxes in time

range:
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PAMELA Positron Fracti

Moskalenko and Strong, ApJ 493, 694 (1998)
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AMS is US Dept of Energy (DOE) led International Collaboration
16 Countries, 60 Institutes and 600 Physicists, 17 years
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pectrometer

hannels ™ T ® 5m x 4m x 3m
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AMS is installed on the ISS
Truss and fully operational
since May 19, 2011




AMS consitst of 5 sub-detetcors which provide reduandant
trp Information for particle identification

Identify e+, e- TOF

Particles and nuclei are defined by their
charge (£) and energy (E ~ P)

Z, P are measured independently by
the Tracker, RICH, TOF and ECAL



AMS data on high energy e* : 1.03 TeV electron

AMS Event Display Run/Event 1315754945 / 173049 GMT Time 2011-254.15:31:15

~--.___Tracker and Magnet: /
______ Areasure momentum )

-
-
P ’

- charge of

'\ RICH /
electron

— . ECAL?
= ' ——— _—}identifies electron and measures
its energy

Lo




AMS Event Display

AMS data: 120 GeV photon
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Detection of High Mass Dark Matter from ISS

AMS-02
m,=800 GeV
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CALET KIBO-ISS

540

CHD 120
Electronics CHD

445

1865

240

100 320

712

Electrons up to 20 TeV
Launch 2015



E7J (electrons m’s'sr GEVE)
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CALET 5 years

E.=20TeV, t=5x10"yr
Dy=2x10%(cm?s™)

Tﬂ1x1ﬂ5yr and r<1kpc

Monogem

@ xmMad+ 4 % b

HEAT

BETS
PPB-BETS
AMS
ATIC-2

ECC
Fermi-LAT
H.E.S.S.
PAMELA
CALET (5yn)

Vela

10° 10°
Electron Energy (Gel)



Gamma-400 Satellite

Upper Charge Detector | ——

- Converter/tracker
(thin W and silicon
micro-strip pitch
120um)

High-energy gamma-ray
Tracker (Segmented W
Converter + Si pstrip planes)

Homogenous Calorimeter
39 X0 CsI(TI)

Launch foreseen by end 2018
gamma-rays from 30 MeV up to 300GeV energies
electrons/positrons in the TeV energy range and beyond

proton/ion cosmic-rays up to the "knee”



CREST {Casmic Ray Blactren Synchrotron Tekscops)

Two Antarctic LDBFs # Planning for the next-generation

All 2lectrons from 2 TeW to 50 TeW. ground-based gamma-ray cbservatories
started .

D tect synchrotron radiation of primary
electron as it passes through Earth's
magretic field: 1024 BaFz crystal with
b rretic ACD

Signal: line of photons arriving rearly - &"ﬂt‘"‘"w improved by ane order of
simultanscusly [mean energy 10 keW-5 M=V, magnituds.

related to the primary electron energy ). e All zlectrons vp to 22 10 TeW.
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