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1912 Discovery of Cosmic Rays
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Where the COSIIIIC Ra s come from ?

Monogem

Resti di una SN 8.6 x 10 %anni
(1000 anni luce).

Ragwi X
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Chandra
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Restidiuna SN ~10 anni
(820 anni luce).
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SN1006

Resti di una Supernova
esplosa nel 1006

immagine: (6500 anni luce).
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Log10 Magnetic Field (T)

Cosmic Ray Physics in the Hillas Plot
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European Space Sciences Committee
Oslo, June 12-13,2012

.~ Where Cosmic Rays comes from ?
e.g. outflows from*centraliblack holes in AGNs

ESA, AOES Medialab

d:esa

SCIENCE AND ROBOTIC EXPLORATION




.. » ‘e
European Space Sciences Committee
. Oslo, June 12-13, 2012
i ST Sk : ) : : -~ . : ay 2 ' .
. Centaurus A:the nearest AGN-* - .
L 2 . . . , Sl . . 7 . o oy : - ,o.(;
oOo;. 3 - ¥ : g o ; - .
- . o ; - ¢ E' .5 .' 2 4 3 . .
. . : "
Ky A ¢ 1 - Py .
. 3 e
' - .. e v 4 ; .-
» : -
- X
“ - 0' ot
” | - ® :
4 Yo
. 3 .. ... »
» . B - & W ; & ” y o5
- -.- 0. - ; it .. P .
- § N :
. - e » ] & 3 . .
- » £
- 2 » ) Py : "'. 5 .V-- % o e . . 5 k . o . ‘..

T Visible imagél.of_Centaurus A,'NGC5}28/WFI on ESO/MP.G 22mla Silla / ESO

N~
®
»n
QO

.
.

SCIENCE AND ROBOTIC EXPLORATION




European Space Sciences Committee
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Jets and outflows from the Cen A black hole
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\\\\\\\\\::i esa XMM-Newton X-ray composite of Cen A, 0.5-0.75 keV cyan, 0.75-1.6 keV blue, 1.6-4 keV purple / EPIC/ ESA
&\\\‘ SCIENCE AND ROBOTIC EXPLORATION
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Jets and outflows from the Cen A black hole
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Pamela results
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PAMEIL.A

Magnetic spectrometer

Measurement of CR
composition

=> antimatter,

-> dark matter
=> propagation
-> solar physics

GFE ~21.5 cm?sr.
Mass: 470 kg

Size: 130x70x70 cm?




2001 Mars Odyssey Orbiter
Science Orbit Configuration - GRS Boom Deployed

Solar Array ——»

MARIE (located inside)

Gamma Sensor Head Star Cameras
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Detector Height

0.00 mm
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| CRIS 2001 Flux Data (Boron-Neon) |
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\ CRIS 2002 Flux Data (Boron-Neon)
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—> input to dose calculation on Mars surface (weak B; ;)



Source Abundances of Refractory Cosmic—Ray Nuclide
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S1m11ar1ty between solar system and source samples
can be understood in terms of acceleration of CR refractories
out of a well mixed sample of interstellar matter
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Cosmic Ray Composition

(low energy)




Antiprotons in cosmic rays



Dlscovery of ant1protons n CR 1979

SCINTILIATION COUNIER S,

SPARK CHAMBERS 5C4 & SC,

SCINTILLATION
ANTI-COUNTERS S, & 83

PERMANENT MAGNET
5 CM GAP 2,2 KG

SPARK CHAMBERS SC; & 804

GAS UERENKOV
ANTI-COUNTER 6,,

SCINTILIATION COUNTER S,

From
Robert E. Streitmatter

WCITE EERENCOV
COUNTER 62

f———y 20 CH

Bogomolov, E.A. et al. 1979, Proc. 16th ICRC, Kyoto, 1, 330,
“A Stratospheric Magnetic Spectrometer Investigation of the Singly Charged Component
Spectra and Composition of the Primary and Secondary Cosmic Radiation”



Fluxes of Cosmic Rays
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BESS Spectrometer Progress

b=
BESS01,02 E Future
BESS-93,94 BESS-95 BESS-97,98 BESS-99,00 BESS-TeV E BESS-Polar
[Larger Vessel [Larger Vessel E No Vessel
010 =300 ps | or0r=110 ps | g1 =70 ps | Shower  New ODC's ~ if New Mag
Aerogel C Counter  New JET/IDC's | (ultra thin)
07 n=1.03 2Xo Lead E
P 0.2-35 GeV| e/ sep. :
08 n=1.02 n/He up to 1 TeV !
p 0.2-0.6 GeV | p 0.2-1.4 GeV p 0.2-4.2 GeV] p 0.2-4.2 GeV | p 0.2-4.2 GeV__ i p 0.1-4.2 GeV

BESS improved in every 9 successful flights

Maximizing advantages in Balloon Experiments
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Antiprotons

x 1/300

for positive rigidity

BESS Abe etal. arXiv:1107.6000v2

sr"s"(ic\"'l)

>

® BESS-Polar II

0 PAMELA [21]

& BESS05:97[7]

10°°

Antiproton flux (m=

— 1 Mitsuietal [6] Leaky Box

Force field ¢=600 MV
--— 2 Bieber et al. [23] Leaky Box
(mmterpolated) Drift model TA=15°(A<0)
~— 3 Bergstrom et al.[24] Simplified 2-zone diffusion
Force field ¢=300 MV
--- 4 Donatoetal. [25] 2-zone diffusion
Force field ¢=300 MV
--- 5 GALPROP [26] Plain diffusion
Force field ¢=600 MV

---- 6 Bieber et al. [23] Leaky Box
Drift model TA=10°(A>0)
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Kinetic energy (GeV)




Antideuteron Upper Limit

(Fuke et al., OG1,1,-P)

Bsearched in BESS-97, 98, 99, 00

3.5

1B

BESS98

28 [T

& 6 a4 =2 o 2z a & s
Rigidity (GV)

B upper limit, for the first time,
1.92 x 104 (m?3s.sr.GeV/n)1

Flux (m°s sr GeV/n)"
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Orito et al. Secondary p

SUSY p :
Bergstrom etal.

{Wix=208GEV GR2]0.05)
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l .(R~2.2x10" E/pc%:r)

This work

- 1.92x10" (95%CL)

PBHD Fuke et al
~(R-22x10%pchyn)

SUSYD
K : Donato et al.
(Mx~61GeVQh ~0.[13)

Barrau et al, nabeilal
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AMS (M. Aguilar et al.)
BESS-polar04 (K. Abe et al.)
BESS1999 (Y. Asaoka et al.)
BESS2000 (Y. Asaoka et al.)
CAPRICE1998 (M. Boezio et al.)
CAPRICE1994 (M. Boezio et al.)
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PRL. 105, 121101 (2010)

Donato et al.
(ApJ 563 (2001) 172)

Ptuskin et al.
(ApJ 642 (2006)
902)



Arxiv 0810.4980v1
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Integral Pamela flux
(E>35 MeV)

(PSB97 plot by SPENVIS A Yo
project, model by BIRA-IASB) 0.110.01 6.040 4

(2.3+£0.3) 102 5.9+0.5
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Selesnick et o 2007 -8 GCR

Cusev ot al. 008
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Earth-Moon spectrometer

Earth Magnetosphere

Moon(
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ARGO
<E>=14TV
Large statistics

* Events
» Background
| T T N O T O B O 1

v Ly Ly vy 1y A AT i:‘
-0 -8 -6 -4 -2 0 2 4 6 8 10

Figure 1: Deficit of CRs around the Moon position pro-
jected along the R.A. direction. Showers with N>6(
recorded from July 2006 until November 2009 are shown.

North

South

Moon /Sky = 6 10~

AMS lower statistics but: -4

|
. . -4 -3 -2 -1 0 1 2 3 4
elikely better angular resolution West East

eMay exploit <E> =100 GV

Figure 2: Moon shadow significance map. It collects all
the events detected by ARGO-YBIJ from July 2006 until

November 2009. The event multiplicity is 20<N<40 and
zenith angle # < 50°. The color scale gives the statistical
significance.
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Figure 4: The p/p flux ratio obtained with the ARGO-YBJ
experiment compared with all the available measurements
and some theoretical nredictions (see text).




Cosmic Ray Spectrum




Proton and Helium
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Deviations from power law: a) R>240 GV

Proton |

1. Additional
source(s)
above 240 GV
Fisherand T
student test
reject single

(N

Flux x R*” (m? s sr GV)"' GV*’
Flux x R*” (m? s sr GV)"' GV?’

power law to

better than
99.7 CL

Ys0-2326v,p = 2.85 +- 0.015 | Ys0- 240GV, he = 2-77 - 0.01
Y-2326v:p = 2:67 +- 0.03 100 Y240 Gvine = 2.48 +- 0.06
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10 10? 10 102 10°
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Deviations from power law: a) R<240 GV?

I

*The
spectrum
softens at
30-240 GV
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*Single
power law 1s
also ruled
out at lower
Y30- 232GV, he = 2-68 +- 0.02 l’lgldltles

Y30-2326v,p = 2-28 +- 0.01 _ g0 2326w, ne= (1.2 +- 0.5)*10
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Not a single power law
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Ahn et al. (CREAM Collaboration) ApJ 714, L89, 2010

Evidence for concavity due to
cosmic ray interactions with the
shock? (Ellison et al. ApJ 540,
292,2000)

A local source of hadrons?

Effect of a non-uniform distribution
of sources? (Ptuskin et al., ApJ. 718,
31-36, 2010; Zatsepin & Sokolskaya,
A&A 458, 1, 2006. Erlykin & Wolfendale
A&A 350, L1,1999)

Effect of distributed acceleration by
multiple remnants (Medina-Tanco &
Opher ApJ 411, 690, 1993)
Superbubbles? (Butt & Bykov, ApJ
677, L21, 2008; Ohira & loka, ApJL.
729, L13-L17, 2011)

Related to 10 TeV anisotropy

reported by Milagro etc.? (Abdo et al.
PRL, 101, 221101, 2008)




Energy Spectra of Protons and Helium Nuclei
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Observation Scenario RIS Scenario P Scenariol (a) Scenario I (b) Scenario L Scenario H
The break (hard- No Yes, due to a break  Yes, due to a break  Yes, due to the as- Yes, due to the as- Yes, due to the as-
ening of p and He in the diffusion in the injection sumption of acom- sumption of a local sumption of a local
spectra at Py, cocfficient spectrum posite source low energy source high energy source
Figure 3
The ‘dip’ (soften- No No, unless the dif- No No, but the ‘dip” Yes No
ing of CR spectra at fusion coefficient can be explained
p < pur), Figure 3 has a correspond- by assuming that

ing ‘dip’ the  low-energy
Galactic source
turns over below
Pbr.
Difference between  Yes, if parameters Yes, phe-  Yes, phe-  Yes, phe- Yes, phe-  Yes, phe-
p and He spectra, are tuned to in- nomenologically nomenologically nomenologically nomenologically nomenologically
see Figures 3and 4 crease grammage introduced introduced introduced introduced introduced
and cross sections,
as in Scenario S.
Continuity of p/He Yes, but does not Yes, no additional Yes, no additional Yes, but only if Yes, but only if the Yes, but only if the

ratio at py,., Fig-

ure 4

CR anisotropy due
to diffusive escape
of CRs above
1TeV, Figure 6

B/C ratio above
1 GeV/nuc, Fig-

ure 7

P flux (PAMELA),
Figure 8

~-ray obscrvations
of Fermi-LAT, Fig-
ure 10

match the value of
p/He ratio

Overpredicts

Yes

YES, al‘xwe a few

GeV

Yes

assumptions
Overpredicts, but
less than other
sCenarios

Yes, but differs
from other sce-

narios above ppy:
possible discrimi-
nation with more
accurate data

Ves, but differs
from other scenar-
ios above py,,

Yes

assumptions

Overpredicts

Yes

YES, H")OV'E a few
GeV

Yes

the different source
classes inject with

the same p/He ratio
at oy
Overpredicts,  but

the possibility of
different spatial
distributions of the
two source classes
must be considered

Yes

Ves, Hl’)()VE a {‘E\A’

GeV

Yes

local and Galactic
sources classes in-
ject with the same
p/He ratio at pp,;

Ovcrpredicts

Yes, by
construction

No

local and Galactic
sources classes in-
ject with the same
p/He ratio at py,;

Overpredicts;  the
local source, if
it extends above
1 TeV, may affect
anisotropy

Yes

Ves, al’xwe a few

GeV

Yes

#1201 - Moskalenko




Flux o F(p. GV em 5"’

Flux 2 'F(p, GV em ™!

=
T

Flux o F(p), GV''em’s st

721 Reference

1 w0 w'

e Calculution P
0 CREAM

& ATIC2
. | © PAMELA
10 1w w iy w

Rigidity p, GV ]'_local LE

s Caleulation L

O CREAM
& ATIC2
¢ PAMELA
e 1 ol 2adh!
1o w 1w 1w’ w

Rigidity p, GV

Rigidity p, GV

w— Cakulaiwa R

U CREAM

& ATIC-2
9 PAMELA
0 w* 10

Injection

w Calculation | 4
O CREAM
48 ATIC-2

Flux p"'F(p), GV em ™y 'x”

o PAMELA

0 w w' ity w

Local:[-m Rigidity p, GV

7 Apaf T :

G atic — —'
14119211 F:‘/—"".
I —Cyleulation H
7 0 CREAM
Jr B OATIC2
. 9 PAMELA

Flux /F(p. GV em™y !

4

1 ) 10’ 1w 10
Rigidity p, GV

P and He spectra m.—-;‘
dlfferent scenarlos ’

¢ All scenanos are tlmed
i to the data, except t the
_‘;Reference scenano

'..;Scenanos L and H the | ".
' f?local source G
i',component is
calculated by the e
':f:subtractlon of the
;.;propagated Galachc (3
.;;spectrum ﬁ‘om the data

~_The local source is

& _;;_‘;assumed to be close to
- us,s0Mo propagatlon

~ only primary CR

e '.fspecnes AT



Reference

RS SR

w10t 10" 1o

E,G &V fuckon Inj ection

Propagation

E,G & Aucleon

) ISV NPESSURIP IS
0 w1 1w w1 o w
,G & Aucieon Cal LE
L™ N - - S EEAS
Ccrzan
ul OATE2
2t AACE
o
x WL
Q |
m
3
wws Modal L, galactic
=== Model L, total
Model L*, galactic
vodel L*, total
s _JModel Le, b - A W
10 10* 1 10 10t 1 et 100 10°

O BEEAQ
CcrEam
O AT
& AcCE

Eorl

_B/ C ratlo m dlfferentj
:scenarlos

4 All scenarios repmduce B/C _{
e below ~300 GeV/nucleon

: Above 300 GeVitincléon ©

; :;‘j;.BlC 18 ﬂatter m Scenano P

> ;Local sources are assumed

i produce only pnmary
168 '1sotopes

vf’%,B/C is steeper in scenario L
 andH, butdue tothe
s dlfferent reasons '

ScenanoL P-L mdex of 4

: _the dlﬂ"usmn coeﬂiclent

i 'steepens fo,.0.67

', : : Scenano H‘ there isno
- Boron in the local source,

A buttherexs Cmbon Lk



Electrons and Positrons
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PAMELA Spectrum (e- only)
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CR e+ e* spectrum

First results based on only 14h of
data, taken in 2009/2010

Measured e* spectrum in the energy
range between:

100 GeV and 3 TeV. | HEAT

Emulgion chambers
AMSE-01
) PPB-BETS

Spectrum in good agreement with L HESS. Nh onorgy
previous measurements >  FermeLAT low snergy

Fermu-LAT high energy

Deviates from bg. model. B

MAGIC

B Possible explanation for the - - T
Energy [GeV]

CXCCSS:
— Secondary e- from interactions of CRs with ISM
— Supernova explosions
— Pulsars




CR Composition
and Spectra <10TeV
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Electrons

Reanalysis of ATIC2 and ATIC4 data by Panov

(#277)

10 FERNI SNR’s

Galprop + 10 FERMI SNR'e: Pulesare

pulzars fitted to ATIC
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Positron to Electron fraction : the PAMELA result
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Moskalenko and Strong, ApJ 493, 694 (1998)
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Final results: positron fraction

1’_1 L) L) T L L] T T T I 1
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- Fermi Preliminary
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'§ —»— HEAT 2004 _f_. |
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<
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a , ; ‘
o I -
s —T 3 :
1 |
10 0’

Energy (GeV)

* Fraction = @(e*) / [@(e*) + ¢(e)]
* We don’t use the both-allowed region except as a cross check
* Positron fraction increases with energy from 20 to 200 GeV

ICRC 2011, Beijing Justin Vandenbroucke: Fermi LAT positron spectrum
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Geomagnetic field + Earth shadow = directions from
which only electrons or only positrons are allowed

90° longitude

events arriving from West:
et allowed, e blocked

W
180° longitud

W o \ E ¢ . 0° Ion;itude
180° lo:\gitude ‘ §_¥ . -, - Ior:gitude E \ , »» » Yo - a - W
. / R <, ’
}o'\\“ // events arriving from East:
w e e- allowed, e* blocked

* For some directions, € or e* forbidden
* Pure e region looking West and pure e region looking East
* Regions vary with particle energy and spacecraft position

* To determine regions, use code by Don Smart and Peggy Shea (numerically
traces trajectory in geomagnetic field)

* Using International Geomagnetic Reference Field for the 2010 epoch



Exposure maps: 2 example energy bins for all 3 regions

32-40 GeV e? !{E;; 32-40 GeV e !
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0 20 4 &0
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0 20 40 60

S S
63-80 GeV e* !fff‘; 63-80 GeV e !

-

PREEIMINARY

< 0 220 40 SQ@ED 100 120

PREEIMINARY

< 0 220 40 60 80 100 120

Exposure units: m? s

ICRC 2011, Beijing Justin Vandenbroucke: Fermi LAT positron spectrum



A Challenging Puzzle for Dark Matter
Interpretation

BESS 2000 (Y. Asacka et al.)

4

BESS 1999 (Y. Asacka et al.)

BESS-polar 2004 (K. Abe et al.)

CAPRICE 1994 (M. Boexzio et al.)

CAPRICE 1998 (M. Boexzio et al.)

HEAT-pbar 2000 (A. S. Beach et al.)
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AMS data: He rate

Events/sec/GV
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AMS data: Nuclei in the TeV range
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AMS data: High energy e*
1.03 TeV electron 205 GeV positron

front front
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The physics of AMS include:
The Origin of Dark Matter

O AMS-01
O HEAT
" O PAMELA

o
Mic
ays

2
10 e+ Energy [Gev) 10 1 TeV

| L1 1 1 1111 1 1 |

= —AMSdataonlss— -_— e == == =



e* /(e* + e)

Detection of High Mass Dark Matter from ISS
MC simulations
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Particle energies observed in space by AMS-02 are
already higher than at LHC detectors

CMS Vs =7 TeV fLm=3spb“

L) ' LJ L L ' L) L] L] l ]' L] L] L]

>
8 10° } DATA
~ 10°F. Zytse'e :
g | . tf + other prompt leptons TOdaFy)t 250 GeV
~' Z' o (750 GeV) — &'
10}
] Later:

max Pt = 500 GeV

—

10"

10° 200 400 600 800 1000
m(ee) [GOV] 65



™ Knee
(1 particle per m*=vyear)
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Galactic plane survey

Abdo et al., 2007

~ 10 Dec=50) Dec=40 Dt'(:-."(). Dec=20 Dec=10 Dec=0)
= Cygnus/region !6
:',’ == O

Milagro S 4E 4

~20 TeV E 2 = o —2

2000~2006 § °E- & %
Q =2 .. —0
'.3 4 = J1908+06
s T E |
3 j; g MGRq J1908+06
= e - e ‘zbidi
J2031+41 Galactic Longitude (degrees)
10 6
= 5
ARGO-YBJ & ¥
~1Tev 2° MGRO J2019+37 ?
2006.7~2011.1 g

©.s
“1Q0 ! "eo 30

Galactic longitude (deg)



Large scale CR anisotropy vs energy

Tibet ASy Amenomori et al ApJ 628, L29, 2005

1 I JOU O 5.

E——— IceCube 22 AbbaS| et al ApJ 718 L194 2010
- _‘“":jj:j:j IceCube-59 PRELIMINARY
- EAS-TOP Aglietta et al., ApJ, 692, L130, 2009

—
3
Q
T
)
- —
5
- E
©

Anqo YBJ 2011

10° 1o 1o 10°
Primary energy[GeV]

The tail-in broad structure appears to
dissolve to smaller angular scale spots.

B. D’Ettorre Piazzoli ICRC 2011 - Beijing 48



UHECR Energy Spectrum
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Auger Vertical Spectrum
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Comparison of spectral features

TA Auger
1 3.334+0.04 3.27+0.02
Y2 268+ 004 268+ 0.01
Y3 42+07 42+0A1

Ig(E:/eV) 18.69+0.03 18.61 4 0.01
Ig(E2/eV) 19.68+0.09 19.41 +0.02

[B. Stokes [TA Coll.], icrct 297] [F. Salamida [Auger Coll.), icrcGQSJ
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Spectrum and X, from Tunka133
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Longitudinal EAS Development with Auger FD
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Longitudinal EAS Development with TA Stereo FD
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UHE Correlation with AGNs within GZK-sphere?

VCV catalogue, E> 57 EeV, z<0.018, distance < 3.1 deg.

Auger TA
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UHE Correlation with AGNs within GZK-sphere?

VCV catalogue, E> 57 EeV, z<0.018, distance < 3.1 deg.

Auger TA
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UHERs from CenA?

13/62 within 18 deg., expect 3.2
limits on source composition?
" E.M. Santos [Auger Coll], |crc868J
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. or Virgo?
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Shower Observation from ISS

/

perseid meteor, Aug. 11th 2011




JEM-EUSO Optics Prototype

g 88

\

Intensity
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\ Atmosphgre
‘ . Cherenkov :

[J.H. Adams [JEM-EUSO Coll.], icrc1100]
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JEM-EUSO Exposure

using Universitetsky Tatiana satellite data

Observatory

Aperture
kme* sr

Status

TA

JEM-EUSO
(E=10> eV)

JEM-EUSO

(highest energies)
Tilted mode 35°

7,000

1,200

30,000

430,000

1,500,000

Operations

Operations

Developed

Design

Design

2006

2008

2012

2017

Start Lifetime Duty Annual Relative
cycle Exposure to Auger
kme sr yr
4 (16) 1 7000 1
2(14) 1 1,200 0.2
S 0.14 4,200 0.6
5 0.14 60,000
5 0.14 200,000

2017

= 2013: launch JEM-EUSO balloon from Kiruna
= 2017: launch to ISS using Japanese HIl Transfer
Vehicle (HTV)?

[T. Ebisuzaki [JEM-EUSO Coll.], icrc120j
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i - Jem EUSO on the ISS i 'T'{TIT

JEM-EUSO sky simulated
with 1,000 events






