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® Photomultipliers
» Image intensifiers

® Streak tubes
® Microchannel plates

® Single channel electron multipliers
® Neutron detectors




PMTs

Nuclear medicine (~80%)

gamma cameras
PET scanners

® Analytics/industrial (~10%)
® Physics







Auger In Argentina

PIERRE AUGER OBSERVALORY
tHe worlp’s Largest cosmic ray petectos

SOUIHENN SIE: Malasgir. angrsins




Traditional PMT's




SSmart” PMTs ?

® Detector concept!!

®Embedded
®Sensitivity

@Timing

®Pulse-height resolution
@Directionality?




Embedded...

® Single independent OMs?
® Clustered OMs?
® Local“ coincidences?




Sensitivity...

® OM & PMT size?
@ Light collection!

® Quantum efficiency!
® Electron collection!
® Imaging?







Pulse height resolution..

® Noise suppression
e Thermal photoelctrons (=single PESs!)
e ‘0K (glass, ocean)




Single/multielectron
noise

SE noise ME noise Sy
> 0.5 PE 2.5 PE >4 PE

[cps] [cps] [cps] [4A/1mF]
BOOE 23,500 NM 275 35 NM
BO14 38,000 2100 NM 31 9.0
BO15 30,000 2000 36
BO1l6 10,000 910 40
B019 11,700 200 95 35
Legend: SE Single electron noise, threshold >0.5 PE
ME Multi-electron noise, threshold >2.5 PE & >4 PE
Sk Photocathode sensitivity for blue light with a
filter Corning CS5 5-58, half stock thickness

exXpressed in uA/1lmF , F= filtered.
HM = Not measured.




Energy resolution
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Time resolution

Jitter=5,29ns + 0,34 ns
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Directionality...

8?7
® Image-forming element?
@ Collimator a la INFN Genoa?




Smart”“ PMTs so far

=> PHR (elimination of single PES)
Patented by Philips (Photonis)

Copied (and improved) by INR
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Status . smart” PMTs

@ Philips made ~ 30; invested 1 M$!
® 200 Quasars in Lake Baikal!!!
@ No ongoing production




Future ,,smart” PMTs

® Reproduce and improve former tubes
® Redesign (target)

e Better scintillator (LSO, Zn0O:Ga, ...)

e Si diode/Si diode array

e APD/APD array

e Multianode multiplier

e Quadrant PMT (inside/outside)
o ?7?




Double-smart“ HPD

HPD combines single
photon sensitivity of
PMT with spatial and
energy resolution of
silicon sensor.

1 photonschannel

2 |~I|-|i--||.~ channel

[
HPD tube manufactured at '
CERN: 2048 channel P.M.
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Wild Cards

® Multiple small (inexpensive) PMTs/OM
® The ,BLOB"




Multiple PMTs/OM




Features

® Low-noise tubes!
® Quantum efficiency/tube higher =>

® Effective cathode area similar (~70%)

® High design flexibility

® Similar cost

® Ready for production; unlimited capacity!




lambda
&0 nm
337

514
547
595
629
BET
688
blanc 164
bleu 134

Q.E.on 3 XP5382 3" tube
Soda lime window thickness = 3mm




High-gain first dynode




The BLOB
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Discussion

® Local noise suppression < upload all
® Smartness needed?

® Local coincidences?

® Causal suppression?

@ Total OM cost!?!




Outlook

® Many ,smart” PMT ideas exist
® Which ones to explore < concept
® Development (and funding) Is needed




