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“Knees” in the CR energy spectra means “appearance
of sharp irregularities” (bumps, cutoffs)
in @a more or less “smooth” shape of CR spectra,
observed in experiment



Cosmic rays : nuclei
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“Knees” in the CR energy spectra

4

CR astrofisics main probleems

-Sources ?
-Accelerators?



The First Knee

Nuclel



Cosmic rays : nuclei
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Standarc M,od_el of -Cosmic Ray
¥ a Ccelert —

gu 1987

~~BLZ = 1014Z eV

Accelerated
particles

Diffusive ock ¢ cel_er'_dﬁon'

Fermi 1949, Krym\ky}wé,' Bell 1978...




CR sourses by HESS observations

1.4TeV<E

## sources ~ 32:
6 - known SNR -1.8- -2.6
6 — Pulsar’s wind
1 — microkquazar
1 — binary system



Strong magnetic fields in the SN remnants

Volk et al. magnetic field amplification in Tycho 3
and other shell-type SNRs

B ~ 300 u6, for Tycho's SNR

J,, counts
100

consistent with synchrotron spectrum 5 gt

from acceleration theory :
Similar amplification in all other T2 -0 -8 -6 4 2 o 2
SNRs where such data are available: &4 oroseo
Cas A, SN 1006, Tycho, RCW 86, diffusive shock acceleration of electrons, including
Kepler, RX J1713.7-3946, Vela Jr synchrotron losses gives observed scale

very strong magnetic field in young SNRs is indirect but
strong evidence of proton acceleration



Standarc M,od_el of -Cosmic Ray
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Accelerated
particles

Diffusive ock ¢ cel_er'_dﬁon'
Fermi 1949, Krym\ky}wé,' Bell 1978...




Models of cosmic rays propogation in the
Galaxy

Leaky Box Model

« Cosmic rays confined to a box with leakage at the
P boundary.

Within the box, cosmic only interact with interstellar gas

Halo Diffusion Model

Cosmlc rays diffuse through magnetic scattering centers in
| the Galaxy

*The densities of scattering centers and gas are highest in
the Galactic disk but extend into a halo above and below
the disk

« Cosmic rays interact with the gas in the Galaxy and escape
by diffusion

All of these models are rigidity dependent



Path length [g/cm2]
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CR Nuclel Propogation in the Galaxy:
Interection with a Matter

Matter traversed by protons Fraction of surviving nuclei
heavy nuclei > E~Z QGSJET
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nee» acceleration,
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Chemical compbsition around “the knee’
have to be changed because of consequences

both acceleration model and propagation one:

E~Z




Experiments below the knee
(1072 — 1075 eV/particle)

Proton (4 satellites) — 60’ SINP/Russia

CRN (Space station) — 80°, US

Mubee (balloon)- 80’ SINP/Russia

SOKOL ( 2 satellites) -80° SINP/ Russia

TIC (balloon) - 1994, SINP/ Russia

JACEE (balloons) - 90°, US, Japan.....

RUNJOB (balloons) - 80’ -90°, SINP/Russia, Japan
ATIC (balloon) - 2001, 2004, 2008 US, SINP/Russia,...
TRACER (balloon) — 2003, 2006 US

BESS (balloon) -2004 US, Germany, Japan,...
CREAM (balloon) - 2005, 2008 US, Korea....



ATIC experiment
(2000 — 2007)

p,Z - up totens TeV
e- uptoone TeV

Bl ) O nlormmieler

Antarctica, McMurdo
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ATIC

Need an instrument to measure:

= Element type, Particle energy, and the Number of each element and energy
Measure before the cosmic rays break-up in the atmosphere

= In space (expensive) or at least at very high altitude (balloon)
Need to measure for as long as possible

= Use a long duration balloon to get 15 to 30 days of exposure

Py — Charge Detector (Silicon Matrix)
|

Principle of “lonization Calorimetry” = e
. “:“‘\.f‘\ N W i 1~-..i__"‘|, 3 ji/ H‘u.,,; ,”*"81

— Cosmic ray enters from top \\ S N S /~ /
= Nuclear interaction in target section

— ‘BGO Calorimeter’ fosters a cascade
(or shower) of many sub-particles

= How this “cloud” of sub-particles
develops depends upon the initial
cosmic ray energy.

Ko/ _,K Carbon Target

83 (Scintillator)

S BGO Calorimeter

! - 50jlcmi——»




ATIC-1 Test Flight from McMurdo - 2000

[Sl J=n 14 193] Loe_anwsreties_aTic

Launch:

Begin Science:
End Science:
Termination:
Recovery:

12/28/00 04:25 UTC
12/29/00 03:54 UTC
01/12/01 20:33 UTC
01/13/01 03:56 UTC
01/23/01; 01/25/01

34 km
30°C

39 km

10°C

43.5 Gbytes Recorded Data
26,100,000 Cosmic Ray triggers
1,300,000 Calibration records

742,000 Housekeeping records

18,300 Rate records

Low Energy Trigger > 10 GeV for protons
>70% Live-time

>90% of channels operating nominally
Internal pressure (~8 psi) held constant
Internal Temperature: 20 —30 C
Altitude: 37 = 1.5 km

[ “WAANYVAANA NS,

Altitude

BGO Temperature

AAAAAAAAAAAAAN,

P/T for Gondola

1.9

12/29 1/2 1/6 110 114

16 oHen




ATIC-2 Science Flight from McMurdo -
2002

65 Gbytes Recorded Data

16,900,000 Cosmic Ray triggers

1,600,000 Calibration records

184,000 Housekeeping records

26,000 Rate records

High Energy Trigger > 75 GeV for protons
>96% Live-time

>90% of channels operating nominally
Internal pressure (~8 psi) decreased slightly
(~0.7 psi) for 15t 10 days then held constant
Internal Temperature: 12 —22 C

Altltude 36.5+ 1.5 km

- Fa A" AN
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L7 V4 v Y

Launch: 12/29/02 04:59 UTC
Begin Science: 12/30/02 05:40 UTC
End Science: 01/18/03 01:32 UTC
Termination: 01/18/03 02:01 UTC
Recovery: 01/28/03; 01/30/03

Temp. (Deg C) Pressure (mb) Altitude (km) ® 0

12/29/02 1/1/03 1/4/03 1/7/03

21 neHb




The ATIC-3 attempt ended in disaster!

 ATIC-3 was launched
Dec. 19, 2005

* Balloon failure occurred
almost immediately after
launch

» Reached only 75,000 feet
before starting down

« Had to quickly terminate
as ATIC was headed out
to sea

e Landed only 6 miles from
edge of ice shelf

* The instrument was fully recovered instrument and refurbished in
preparation for the 4™ and final flight of ATIC in 2007.

Pa3pbiB 000104KHU




The ATIC -4

0

Launch: 12/26/07
13:47 UTC

Science: 12/27/07
14:00 UTC

End Data: 01/11/08
02:00 UTC
Terminate:01/15/08
00:30 UTC

Recovery: 02/01/08
from South Pole

14.5 days of Data
about 75% of ATIC-2

2008 Jan 16 19:45:00 | LDB_Antarctica_2007-2008_ATIC
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The ATIC H and He spectra are fit by a diffusion model that includes weak
re-acceleration due to Kolmogorov turbulence (Osborne and Ptuskin, 1988)
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Average mass definition below “the
knee” — the real test for current models
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XnmcocTtaB KOCMUYECKUX JTyyen A0 «KOoJieHa»
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Better understanding of the chemical composition of
GCR below “the knee”



®KI1: akcnepMeHT «HYKNOH» | Hmmsio mry
OUAN

Characteristics :

Geometrical factor

>0.10 m2sr for the
high-energy component;

>(0.25 m2sr for the
low-energy component

M icrostrip detector plane



> 2bcm

The NUCLEON device includes charge
measuring system, tracker and energy
measuring system, the trigger system,
control electronics.

The charge measuring system consists
of 4 silicon detectors layers.

The tracker and energy measuring system consists of. the carbon block with
the size 50x50x9 cm3 served as a target, 6 identical layers of micro-strip
silicon detectors, 2 identical tungsten layers with the size 50x50x0.7 cm3
served as a gamma-converter.

The trigger system (SC1-SC6) consists of three double layer 16-strip
scintillator detectors (size ~ 500x30x0.5 mm3) with a few 1 mm WLS fibers.



Space platform
to carry payload with a big mass
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The new spacecraft, to launch in 2015

1. Orbit - 800-2000 km,

2 Payload <1500 kg,

3. Power-16,5 kW

4. Payload demensions: R=1250 mm, H=1250 mm




CR chemical composition above the knee
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All particle spectra around the knee
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Chemical composition become more light
above 10>17 eV?
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The Second Knee

CR nuclei
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Y =-4,1 (Auger)

Y =-5,3 (HiRes)

153,5 |gE



Flux*EY10* (eV* m™s" sr™)
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Where is Zevatron?



Camble nocnegHue gaHHble (9 Hos6pAa 2007 r.) yctaHoBKU Oxe
YKa3blBalOT HA BO3MOXHYHO KOppensiuMio HanpaBneHna npmxoaa
NPOTOHOB C 3Hepruen Bbiwe npeaena 3K ¢ HanpaBneHnem
Ha aKTUBHbIEe AApa MeCTHOro CKOMMeHUs- «cynep-ranakTukuy.

OTKpbIBaeTCs HOBOE «OKHO» U3Ny4YeHUsa Ansa HabnwoaeHus
CaMbIX MOLHbIX O0BLEKTOB BCeneHHOn- «NPOTOHHaA»
acTpoHOMuUA
MO AaHHbIM O YacTUUAaX KOCMUYECKUX fyvYen ynbTpPpaBbICOKUX
3Heprum.



N3yuyeHune KINBS n3 kocmoca?
UHECR measurements from space?



N3yuyeHune KINBS n3 kocmoca?

UHECR measurements from space?
UV emissions from UHECR EAS

Aleksandr Chudakov John Linsley’s (1980) idea:
(mentioned in1955, published in to measure ultraviolet emissions
1962,simulteneously with Suga,1962)  from space(AIRWATCH project)
proposed the idea of measurements of
atmospheric scintillation(300-450nm)
from CR
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Space fluorescence detectors
TUS for study of UHECR

TUS telescope is consisted of 6

Fresnel type mirror segments




JEM-EUSO: 2013(?)

Electronic system

S B\
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Focal plane detector

=1 T~

Optics system

Support structure

< =

NS

EUSO: Extreme Universe Space Observatory




NMnanupyemble akcnepumeHTbl Ha MKC
no nsydeHuro KIrnBa

Extreme Universe Space Observatory in 2012

JEM-EUSO
UHECR/ GZK neutrino study

4after2015 Super EUSO’?

Development of new space technology:
large mirror-concentrators,
large Fresnel lenses, highly efficient photo sensors.

501 Extension of the measurement of the UHECP energy spectrum beyond 107 eV, reaching E > 107eV.

5052 Measurement of the flux of compact and diffuse sources of Ultra-High Energy Neutrinos; search for
horizontal and skimming showers induced by tau neutrinos; estimate of neutrinos cross sections at UHE.



HeuTpnHHaga acTpoHOMUA IKCTPEeMaribHbIX 3HEepPrumn

Neutrino Astronomy at Extreme Energies

Y =-4,1 (Auger)

Y =-5,3 (HiRes)

Active Galactic

Nuclei (AGN)

Topological
Defects (TD)

ai / | Supermassive

E /A“"\\

L rf aGn]al \\X |

/ \ Dark Matter (SM)

log(E2J(E). eVem X1sil)

! % [ . ] Proton-photon
e Signature of neutrinos collisions (GZK)
14 16 13 20 log(éfe\—) 24 Gamma Ray

Special role of tau neutrino, v. — T—V_ . Bursts (GRB)



1
Lepton component of CR,

or the 3d knee problem



Electrons can provide additional
information about the GCR source

« High energy electrons have a high energy loss rate o E?2
— Lifetime of ~10° years for >1 TeV electrons

« Transport of GCR through interstellar space is a diffusive
process

— Implies that source of high energy electrons are < 1 kpc away

g netal. 1994
> 1000F yashi et al. 1999
&) : io et al. 2000
o I - ¢ DuVernois et al. 2001
0 _ qﬁ% o \ e Torii et al. 2001
57 Fon b triyt L & Aguilar et al. 2002
\E/ 100 = = W 0+
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%w [ s Vela
~ I 2 107 ¢
=z F N r
> e 2
E 10 AT ‘ ~
= T

10 100 1000 10000 Cygnus

Energy (GeV)
i oop
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Electron Energy (GeV)



The ATIC electron results exhibits a feature

Curves are from GALPROP
diffusion propagation

simulation code =
O

— Solid curve is local _Ia
interstellar space g

— Dashed curve is with solar £
modulation (500 MV) Lo

=

“Excess” at about 300 — 600 5
GeV "o

Also seen by recent PPB-
BETS
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Most exotic explanation is “Dark Matter”

 Neutralinos and Kaluza-Klein particles can annihilate to produce
e and e
» Mass and branching ratio cross sections not well defined

 Use the KK particle generator built into GALPROP to test the
parameter space.

% 1000 ¢

 Mass = 650 GeV O i
* Scale height =4 kpc TZ
e Mass density = E, :

0.43 GeV / cm? K :
e Annihilation cross \Z\ :

section=10%cm’/s | & o /| |

: - 10 100 1000 10000
expected!




ATIC vs. Fermi discussions

- e Fermi Csl calorimeter
* ATIC BGO calorimeter > Thinner, 8.6 Xo
» 18-22 Xo » showers are not fully contained
» fully contains the electron » distribution of the reconstructed
shower energy 1s asymmetric with a longer

tail toward lower energies

> energy resolution of ~2 % > Poorer energy resolution ~20%

— —
O AMS (2002)

Analysis method comparison B e g%&%@,}}i@.‘é‘i‘;}
R ATIC analysis uses N | @ FERMI (2009) & BETS (2001)

quantities measured during @ SRS I}

i i o I §
flight (e.g. atmospheric e gg—i_}ii_% :
secondary gammas) to set > & ts
. . O

selection cuts and determine 40 - i }‘

background rates. =S I
« In Fermi much of the “ [ Abdoetal.PRL 102, 1811012

electron Identlflcatlon and | — — — — conventional diffusive model | lb

background rejection is e e
10 100 1000
E (GeV)

based on simulations only.



Other models...

1/Cosmic ray electrons and positrons from supernova
explosions of massive stars

P. L. Biermann, J. K. Becker, A. Meli, W. Rhode, E. S.
Seo, and T. Stanev

2
....cosmic ray electron and cosmic ray positron excess components
and their cutoffs to the acceleration in the supernova shock in the
polar cap of exploding Wolf Rayet and Red Super Giant stars.....

2/ Pulsars?

3/ Natural explanation for the anomalous positron to electron ratio with
supernova remnants as the sole cosmic ray source

Nir J. Shaviv1, Ehud Nakar2,3 & Tsvi Piran1



Thank you
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