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Fig. 22. Energy spectra per nucleon of primaries over the range for which
these particles can be directly detected in balloon or satellite-carried
equipment. The curve marked * CNO’ refers to almost equal amounts
of carbon and oxygen with a small admixture of nitrogen; that marked
“Fe ' does not distinguish between iron and its immediate neighbours.
The lower ends of these spectra {energy per nucleon less than 10 GeV)
are strongly modified by Solar modulation: the amount of depression of
intensity here varies through the solar cycle, and. at the lowest energies
some particles originating at the sun are also present. QOutside the
influence of the solar system the spectrum above 10 GeV nucleon™!
would probably continue smoothly to lower energies (see fg. 25). The
broken line refers to the clectron spectrum, and for this curve the units
will be GeV and m? s ! se7! MeVL




Ieo Toe [A<0's Ao 1960's gXTEVSIVE ARRAY S of DETECTOMS
Al CRovrn LEVEL SAMPLED
Toe TrRAmSveEaslE SDAPE  OF

PRUTON ~ |PDUCED AL SHOWENRS,
e PRIMARY  EvELY 1S
1nFERNED As b Roucil LY LINTAR,

Fon GTron oFf ThE SHbwdn, SizE,

Tue bDETECTONS e THPLALY

yd
o 5 /o

/ o o /
( oY
& o o
Fig. 12-4 Shower disk approaching detectors (represented by circles on a
horizontal plane).
ne

PUSTIC SCreTiUKTORS, P R e
Which CovnT Toe o e o ) j
P f
MNUMBEL 0F Mo UAA L. L * x
Yokulsk .
f" H h X x x X
oM tkieA- PRUTICLES, overah
Foa Rzpsors 0f (BST, Tokyo ’}“
WATEL deaeoeoy . }\_4\ Sydney
/ {Proposed area 100km?)
0 tkm
et 4 0|
e reciens AQK RSO Volcano Ranch {1962) Seale
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'Fig. I1=6 FEnergy spectrom of primary cosmic rays. Plotted on the horizontal

laxis is the energy E of cosmie-ray particles, in electron volts. Plotted on the
Ivertical axis is the directional intensity (see Fig. 11-5) for particles of energy
grealer than E striking the atmosphere above the geomagnetic poles {where the
lelfect of the earth’s magnetic ficld is negligible). The portion of the curve

between 10* and 10! ¢V was obtained from balloon measurcments of the
geomagneliclatitude effect. Observations with nuclear emulsions exposed at
balloon altitudes have provided some data in the energy region between 10M
. and 10" ¢V (the particle energy being estimated from the characteristics of

their nuclear interactions). All data beyond 101 eV come from experiments on
4 air showers (Chap. 12). Note that the energy varies from about 1 BeV (107 eV)
to about 10 billion BeV (101 eV). Actually, the largest energy recorded, as of

August, 1962, was 6 X 101 eV (equal Lo the energy required to lift a mass of
about one kilogram to a height of one meter). Note also the cnormous range
of intensity, which varies from about 0.15 particle per squars centimeter per
unit solid angle per second at 109 eV to a value about 108 times smaller at

101 eV. Since it can be shown that the total flux of particles from all directions
above the horizon is = times the directional intensity, we find that a detector
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. second and that the whole atmosphere {about 1018 cm? in arca) will receive,
0% every second, about two or three particles with energics above 10% eV.
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of 2 em? at the top of the atmosphere will record about one primary particle .
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{a} to (e) Hovement of potential well and
assoclated charge packet by clocking of
gate electrode voltages.

(f) Clocking waveforms for & 3-~phase CCD.
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Pigure 34 Eatablishing the potentlal well structuret H
(a) Channel stops create potential barriers
running vertically on the device.
(b) Gates create horizontal potential
barriers. The combined result is a
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constitutes a pixel,

EPITAXIAL. * SUBSTRAL
5 SHiCoN OISVBMAME  cowmert ewectaon
COLECHON
PAATIAL ELECTRON
LR COLLECTION

{~tyum)
ALE ELECTRONS
RECOMBINE
H !
)
?::??:lﬁ Eq ] n PIXEL 2dpmzzdum
¥
B P CHARKEL ST0PS
[ e
& g N
i b :
IMAGIKG t
GATES. ¥ I‘
& 1
i3 F 1
AN
t
ouTPUE
AceIStEn R g
GATES A 1
13
Figure 37 Courtesy of GEC, England. 'Photograph of one corner of a
" CCh showing the pixels of the fmaging area (upper right
AMPUTIER quadrant}, readout register (running along the bottom of
the i{maging area and extending 10 plxels to the left of
- it} and output FET {below and to the left of the readout
Figure 36 One corner of & CCD enlarged to show details of the register). The light coloured structures are aluminiua
pixel (storage element) structure. tracke which carry the drive pulses to the gates,
. connections to the FETs, etc. The 3 broad bus-lines

running vertically carry the 14 voltages, and the 3
narrov lines running horizontally carry the R¢
voluages.,
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X-rays which strike the tubes cannot reach the detector. The response pattern wnthm‘ lbfc field of view

has a triangular shape in each of the two orthogonal directions. The hail-transmission angles are
determined simply by the geometry: tanfype = afl; tan¢ o = bih.
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The original Cherenkov light receiver built by Galbraith and

FIGURE 1

Jelley, comprising a 25 em, £/0,5 rear-silvered ex World War II

signalling mirror, and a 50 mm EMI photomultiplier, mounted in a

dustbin.
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Figure 5.6. The 18 purabolic mirror array to detect Cerenkov light
produced by showers, The array was operated by the Tata Institute of

Fundamental Research group at Qotacamund (Qoty), India, Two
small mirrors were not used in the experiment. {(Photograph by A. R, |

Figure 5.5. A picture of the 10 m reflecting night sky Cerenkov
telescope of the Fred Lawrence Whipple Observatory at Mt. Hopkins,
USA. (Smithsonian Institution — courtesy of Prof. T. C. Weekes.) Apte.)
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