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Cherenkov detectors in space:

- Astroparticle physics - high-energy cosmic
rays, gamma- rays in the Universe;

- Physics of heliosphere - solar energetic
particles;

- Space physics - particles in the planet's
magnetospheres;
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High-energy cosmic rays



The first Cherenok 1n space

The Third Soviet satellite “Integral type” Cherenkov
Laiinehad Mav: 1+ 1958 detector, designed
“ Lebedev Institute




The first experiments 1n the space

The first differential
Cherenkov

detector 1n space

Ginzburg, Kurnosova, et al




The first experiments 1n the space

Satellite
The IT-d satellite
Spaceships = 2,5 3
Space probes:
Luna 2. Luna 3

“Electron 2.4

- solid state directional detectors (1)
- gas directional detectors (2)
- solid state ommnidirectional detectors (3)

Year

1958
1959

1959

1966

Detector’s type

Z-separation ;
cosmic rays




The first experiments in the space

Nuclear component
of cosmic rays
onboard

the 3d Soviet spaceship

Ginzburg, Kurnosova, et al



The first experiments 1n the space
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The first experiments 1n the space
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“A quick look™ at cosmic ray
physics



Cosmic ray chemical composition/spectra

The first experiments

*Galactic and extra-
Galactic origin.

* Practically all elements.
* Fully 1on1zed.

* Omnidirectional

108 - 1041 eV.

* Solar cycle modulation

(11 years) at low R o s e
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Energy spectrum of cosmic rays

Practically the same slope over
the wide energy range

The knee




1igh Energy Cosmic Ray Origin
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. SN 1987

Accelerated * )

particles
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Shock wave

Cosmic ray acceleration in the supernova’s blasts
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Supernovae’s acceleration limit

The knee

The ankle
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Cosmic rays below «the kneey

Just only «direct»measurements outside
the atmosphere can provide information on energy
spectra and composition of particles

=5
i M «Proton 1-4»
ons b e > .
rgtd “Hl experiment:
= b -y
1= | Active Calorimeter

SINP/MSU
i3 1_f:-2:"-.':‘._' - 1968



Cosmic rays below «the kneey

«Proton 1,2 » experiment, 1968 :

SEZ -1 plastic Cherenkov detector with G~133 cm2 ster

Back current problem

SINP/MSU




«Proton’s» results
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For the first time

e
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all particle and proton

spectra were measured
in the wide energy
range up to 1 PeV.
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«SOKOL» 1984 - 1986

( Cosmos - 1543; Cosmos- 1713 )

Cherenok — charge detector

SINE/ASTT




Energy spectrum of cosmic rays

Direct experiments
below ““the knee”

since 1968.
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But just 6 were
onboard satellites,
including Protons.



S0, what we have now?....
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Cosmic ray chemical composition below “the knee
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Energy spectra of cosmic rays below the knee
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The future of direct measurements



The future of direct measurements

Future instrument’s needs:
-larger geomeltric factor
-more precize mass and energy specitra

4

-more weight,
-more cost



ISS as a potential career for a future
cosmic ray experiments

Cbsi i



AMS 02 1s planing to launch 1in 2008
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Primary goals:

-dark matter,
-antimatter,
-COSMIC Tays

Haliurn Vesasl



AMS 02 1s planing to launch 1in 2008
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AMS 02 1s planing to launch 1n 2008

AMS-02

300 GeV| e~ e+ P He Y  §

THD

RICH — precise measurements of mass: m =f(p*,v)
(Tracker gives p* with ~1% accuracy)




RICH -Ring Imaging Cherenkov Counter

Aerogel
(mS10,, 2mH,O)radiator
vays metitute
in Novegibivsi vs

. 1 . - = s < v
C Rlectronio

Image plane (pixel- 4x4mm, 680 PMT)




Ring Imaging Cherenkov Counter

|"|p|||r4.' J117: Axm I1-|:I|E' ol Cerenkov rings delected wills ~.|'||.|_-||r, ASF =2 jon evenis

Cherenkov’s rings from A/Z=2 particles as seen by RICH



Ring Imaging Cherenkov Counter
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Flpure 2.118: Measored distribamion of charges (5>1) for the CIN =103 raddintor.




Solar physics and physics of
heliosphere




Solar physics and physics of
heliosphere

Solar
energeftic
particles-

problem of their origin is still existed



The first experiments 1n the space

The first solar flares particle study:
In 1959, onboard the 2™ soviet

45 0785 U125 IS U6 OK%6 0GR space rocket

Gimzburg, Kurnosova, et al

He tlux enhancement during

the solar tlare Sep.,13 1959




The first experiments 1n the space

Solar flares study

ST
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Energy spectra of difterent nucle1

during Sep.,12 1960 zolar storm

Ginzburg, Kurnosova, et al



A current problems:

Just one:

Particle acceleration
and modulation

in the 3-D heliosphere




Ulysses : the first space probe out of ecliptic
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Ulysses : the first space probe out of ecliptic

Kiel Electron Teleskop

Silica aerogel Cherenkov detector

e,p — separation




Measurements of electrons

out of ecliptic with energy
up to 200 MeV




Gamma-emissions of the Sun



s,gl Gamma-1 telescope

1991

Geom. tactor ~1480 cm?2.
Sensitivity ~50 MeV - ~ 5GeV

MEPhHI, LPI, IK]



For the first time solar
gamma-emissions with
energy ~2 Gel” observed
by Gamma-1




(Gamma-ray astronomy




COS-B satellite Cherenkov counter
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The Cherenkov gaz (tfreon-13 counter)

Sensitivity: ~50 MeV - ~1 Gev




Diffuse gamma- sources of the Galaxy




Space Physics
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Radiation environment of the rth -
trapped radiation”
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Electrons

Protons

Earth’s radiation belts

*Origin: solar plasma, ionospheric
plasma and secondary particles.

* Electrons and protons are
most abundant.

* Tons up to Fe with
different charge states.

* Energies from
100 kev - 10°s MeV for electrons
and
100 keV/m - 100°s MeV/n for ions.

* Energy of RB particles
increases with decreasing
distance from the Earth

*Characteristic time of variation
from seconds to tens of years.



Radiation belts current problem

* Rapid (during
seconds-minutes) i
energization of o [ _,‘ T
relativistic electrons | !

(up to ~15 MeV)

The first obsevation onboard Soviet “Cosmos-900 “satellite
using plastic Cherenkov detector E.Gorchakov, SINP,1977



CRRES-eftect, March,24.,1991

Prompt acceleration by
interplanetary shocks: rapid
(in minutes) energization of

protons, 1ons and electrons as
a consequence
of shock (SSC ) impact on the
magnetosphere ,cause

magnetopause
shift to 3-4 Re and intense
MHD wave fronts.
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Relativistic electrons as a satellite’s killers

Satellite’s malfunctions, due to relativstic electrons

W-Wolf-number(solar activity)
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One more example from space
explorations... ..



Apollo” effect

During translunar space
flights onboard Apoliol 1,

Apollol2, Apollo 13 astronauts -
observed

bright flashes in their
eyes ...

Niel Armstrong: up to
100 flashes, ~1 per minute...




Apollo’ effect

Dominant mechanism:
Incident particle these flashes were
caused by high —Z
energetic
galactic cosmic rays
(with high LET)
penetrating inside
ocular media of the eye.

'-'_,--_

Cherenkov light cone



cffect
Light flashes 1n astronaut’s
| B eyes were 1nitiated
Inteoral flash . h by these GCR particles
i-.r:;lt_e "ima;ysp (Cherenkov radiation +exilation
T of retina)
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Summary

Space Cherenkov detectors have played the
crucial role 1n our understanding

-of cosmic ray nature,
and
-near-Earth radiation environment.

Moreover, in many cases these experiments
could have a title



Summary

“"The first”



Summary

and

Lidiyva Vasil'evna
urnosova -

Lady The First
of this field



Thank you

for your attention
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Single Events Effects

FAST CAARGLE
PEATICLE

EREEE TH
PERATCH

DEPLETHION REGIOHN I

TORS -1
93L422

experiment — colculation -

ooooo PAGE 2 |
essss PACE 3 UV

1984

1986 1988 18990 1992 1894 189
year beginning

Kuznetsov, et al, 1999



":1. - | II-:'l I?' l._-l|' ]

10° 10° 10t 10° 108

10 T T 1 1 |

JALEE k=

» AGASA —a—

= . Akeno & 7

CASA-BLANCA —e—
CASA-MA —a—

Hy's Eye (mono)

=iy o I

Haverah Pak —e— 1

0 HEGRA —8—i
e KASCADE =
'\mllj'l 1_-'|' 1':' - MEU —3— -
o 0
= lien Shan —F—
3

dNdIn(E)

Supernovae?

108 - fixed target

TEVATHON

10" |

L]

102 ad aifiad il ciind il vl el sl aaioal
oM 10" 10" 10" 10" 10" 10'7 10" 40" 1079 10

E (eV/ particle)




AMSO01 vs AMS02

AMS-02

300 GeV| @ et P He 7 I

TRD
TOF ; : 4 1} L
Tracksr / e ll"-._‘x / J_,.-".ﬁ“l"-.x
RICH ; ; .-
fl'—’:rm!, m=P/\/ . | !
[T T e I

AMS02

Improved detector (larger acceptance, 5 times stronger magnetic field

Largely improved particle 1d (TRD, RICH, EM Calorimeter)



Long-term relativistic proton/electron variations

in geostationary orbit g

GOES protons =1. MeV
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Fig. 2. GOES data on fluxes of protons with
F>1.MeV and electrons with E=2 MeV fluxes and
velocity of solar wind tor the period of 1984-1996.




Electron variations. Outer zone
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Electron fluxes in the
outer zone are highly
variable on a daily
time scale ( factor
about 10 -100).
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erspectives for the future
experiments,
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Gamma bursts

One of the leading theories for the cause of gamma
ray bursts is the collapsar or failed supemova
theory.A super-massive star, after bruning all of its
nuclear fuel, starts to explode as a supemova, but the
overlying atmosphere is too massive to blow off, and

the explosion collapses, forming jets of matter that

; burrow out through the poles and then rip the star

2\ wpart. The scale of the evnets at the core are about the
L same size as our Earth
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Internal (bulk) electrostatic charging mechanism
in complex structures

Incident high-energy electrons
embed within the bulk of the thick
dielectric (cable )producing an
image charge on the inner and
outer connectors, building up a
potential sufficient to cause a
discharge.

Electrons embeding in multilayer
circuit board produce image char-
ges in the conductive layers.
Brakedown will be similar to the
case a).



Ring Imaging Cherenkov Counter
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The first experiments 1n the space

Satellite

Detector’s
type

The goal

Institution

Cosmos 208
Cosmos 225
Cosmos 410
Cosmos 443
*Salyut” space
station

1
1,2

1
1
1

Gamma-rayvs
measurements

e, p separation,

near Earth
radiation

Z-separation

of cosmic ravs

SINP
LPI
LF1




The first experiments 1n the space

Satellite

Detector’s
type

The goal

Institution

Cosmos 4M)
Cosmos 555

Proton 1-4
Sokol 1,2

(Cosmos 1543,
1713)

1

1,2

1,3
2

e, p-separation
near-Earth
radiation

Z-separation,

Cosmic rayv
nuclel
Near-Earth
radiation
Z-separation
Cosmic-ray
nuclel

Gamma-rays

SINP
LPI
SINP
SINP
MEPIWI
LF1




Energy spectrum of cosmic rays
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Solar energetic particles
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*Originate mostly during solar flares and . 3q- | protons
CME with corresponding acceleration.
*Energies up to 100’s MeV/n, sometimes
upto Gev/n.
*Tomization state from fully 1onized

for light 1ons (He) to partially 1onized

for heaviers (Fe).

¥T1me variation dependent on

solar activity .




