


EUSO, Annecy, Oct 2, 2001

Focal plane surface S = 5.26 106 mm2

On ground, at 400 km, with 30°, 1.26 105 km2

M64, base line

Gain 3.105, needs preamps. 
Glass thickness 0.8 mm

(0.2 mm @ 30°)
3204 PMT : 205000 pixels

Pixel surface
a) 100% efficient: 1.5 mm2: 

total anode surface: 3.08 105 mm2

5.9% of S if no Winston cones

NO GOOD

b) down to 50% efficient
 (total efficiency per pixel 80%):
 4 mm2: 
total anode surface: 8.20 105 mm2

15.6% of S if no Winston cones

NO GOOD







EUSO, Annecy, Oct 2, 2001

Focal plane surface S = 5.26 106 mm2

On ground, at 400 km, with 30°, 1.26 105 km2

M64, base line

Gain 3.105, needs preamps. 
Glass thickness 0.8 mm

(0.2 mm @ 30°)
3204 PMT : 205000 pixels

Now, WINSTON CONES

Squares of 5 mm side to reduce to squres of 2 mm side
Angular efficiency  44%, surface efficiency: 19%

Total efficiency: 80% times 19% = 15%

NO GOOD



EUSO, Annecy, Oct 2, 2001

Focal plane surface S = 5.26 106 mm2

On ground, at 400 km, with 30°, 1.26 105 km2

M64, base line

Gain 3.105, needs preamps. 
Glass thickness 0.8 mm

(0.2 mm @ 30°)
3204 PMT : 205000 pixels

HEMISPHERICAL LENSES

Does not work: needs 2 magnifying powers together



EUSO, Annecy, Oct 2, 2001

Focal plane surface S = 5.26 106 mm2

On ground, at 400 km, with 30°, 1.26 105 km2

M64, base line

Gain 3.105, needs preamps. 
Glass thickness 0.8 mm

(0.2 mm @ 30°)

Focal plane filled
6855 PMT : 439000 pixels

on ground, squares of 0.54 km side

Now, Winston cones fully efficient,
but

Do we need it?
Watts go up





EUSO, Annecy, Oct 2, 2001

Focal plane surface S = 5.26 106 mm2

On ground, at 400 km, with 30°, 1.26 105 km2

M16 classical

Gain 3.106, no preamps. 
Glass thickness 0.8 mm

(0.2 mm @ 30°)
efficiency of a pixel (4 by 4 mm) = 90%

Focal plane filled
7970 PMT : 127500 pixels

on ground, squares of 0.99 km side

Now, Winston cones:
angular efficiency 75%
surface efficiency 56%

Total efficiency 50-60%

Better, but still not very good







EUSO, Annecy, Oct 2, 2001

Focal plane surface S = 5.26 106 mm2

On ground, at 400 km, with 30°, 1.26 105 km2

M16 new

Gain 3.106, no preamps. 
Glass thickness 0.8 mm

(0.2 mm @ 30°)

Total cathode surface 547 mm2

Total surface used by PMT: 25.72 = 660 mm2

Focal plane filled
7970 PMT : 127500 pixels

on ground, squares of 0.99 km side

No Winston cones:
Total efficiency 83%

MUCH BETTER, our choice!



PREAMPS

a) If output pulse is 100 mV, probably
quiecent current is 500 µA.
Power supply 3V

1.5 mW per pixel

b) CERN Icon chip 1 mW

200-300 W for 200000 pixels (M64)

0 W for M16



High Voltage

a) Resistor chain

Hamamatsu recommends 2.2 MΩ, 800 V
0.3 W per PMT

M64, 3200 PMT, 930 W too much
M16, 8000 PMT, 1800 W, Way too much

b) We propose one set of power supplies (PS)
 per macrocell

Each set has 14 (in case of 14 dynodes)
switching PS.
1st: 80 V
2nd 160 V
3rd 240 V
.....

All first dynodes are together
 (some decoupling, but no power loss)
All second dynodes are together
Etc.

Very efficient: only uses power during pulses.
Guess: 10 times less: 180 W.
If one macrocell dies, we lose 1%.









EUSO
2 macrocells shown with PM 16 anodes, evenly spaced (0.4 mm between PM) 

3.998 mm
17.404 mm

234.715 mm



EUSO

2 macrocells shown with PM 64 anodes, evenly spaced ( 11.44 mm between PM
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