MICHIGAN STATE

Chap. 9 — Photomultiplier Devices UNTVERSITY

The scintillation process produces photons in proportion to the primary ionization
(or in some cases, the range) ... we need to count the number of photons to obtain
the energy deposited by the primary radiation in the detector.
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PMTSs — Photocathode PR Rl

UNIVERSITY

Photocathode material should be matched to the output spectrum of the scintillator

and is characterized by a quantum efficiency n = N,/ N, or radiant sensitivity in
MA/W or by luminous sensitivity in pA/lm .

Insulators/semiconductors are better than

metals, all electrons are bound. Fig. 9.2 Knoll, 3 Ed,
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PMTs — Secondary Emission MICHRA N DAL

The electrons are accelerated between dynodes AV ~ 100 V, penetrate into the
material (recall dE/dx ...) and release secondary electrons.

Secondary emission from the dynodes Is characterized by a coefficient: 5 = N/ N,,.

Typical dynode material is MgO, BeO, L 0°
1 1 . [ )
C53Sb, recgn’F materials are neg_atlve S GaP:Cs {CALCULATEm\\
electron affinity” GaP:Cs ( see Fig. 9.4) > 200 /
S
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%d * \ | From Burle’s Photomultiplier Handbook
Zx 40
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N |
58 ~— Typical value 6 ~ 5, range 3 - 10
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* ° Efgcr:on ENERGY —ELECTRON VOLTS Total gain in tube: M = oN

Example: 6 =5, N=10 gives M = 519=9.8x10°
1% change, 6 =5.05, (5.05/5)1°~10 %
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PMTs — Time Distribution MICHICAN SIATE

Electron optics between cathode and first dynode
“focus” adjustment ...

Nonrelativistic velocities: qV = %2 mv?

Transittime: t~NAx/v ~ (N/VV)

Time Variance: 62, = 6%cant G%pyy 0/(3—1)>

[o————

Figs. 9.10, 11 Knoll, 3" Ed.
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Beware of cartoon, t~50ns, o ~ 1-2 ns
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PMTs — Single Photoelectron Spectrum ARl

PMTs can be run in high-gain modes that are sensitive to single photoelectrons. In
such cases the anode current must follow a Poisson distribution characterized by a
mean and width of ‘one.” Multiple photoelectrons can be easily distinguished.
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(Related Fig. 9.6 in text shows
From C.Andreopoulos, et al. NuMI-ANA-994 US/PHYS/HEP/18-10-2001 separate peakg forn=1-4 )
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. MICHICAN STATE
PMTs — Resolution R
Q = M =a 5N Where a = N PhotoElectrons — N Photonsngcollection = (N IPS)Ugcollection

2 2 2
GQ O-a 0-5
— | =l — | T 5—N n < 1 so the number of photoelectrons
Q o essentially determines the resolution

The cascade across one dynode: i-th sequential, identical dynode:

X=0=0,

BREGE O A A
(#)-+-)

: : Osi 1
if 6 >1& 1 large then (5— =

-1

If number of photoelectrons is Poisson :

2 Potential problems:
o 1 1 :
(6} = (Z}(ﬁj *Are photons monochromatic? n
*Are photoelectrons monoenergetic? ¢

|s S a constant?
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MICHICAN STATE

PMTSs — other resolution Issues TNV RS Ty

Stray B-fields — use so-called mu-metal or iron shields
Differential sensitivity of photocathode surface — diffuse light over surface
Dark current — thermal photoelectrons, electronic noise, cosmic rays

High voltage stability ... Q ~ V" where n ~ (number stages minus a few)

Gassy tubes ... electrons ionize residual gas and give afterglow.
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Fig. 4.2  Quantum efficiency curve of a standard bialkali
photocathode together with the scintillation

http://www.scionixusa.com/ emission spectrum of Nal(Ti).
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PMT Bases — Voltage Distribution
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Fig. 9.13 Knoll, 3" Ed.

HV can be positive or negative
If (+) then anode is +HV, “AC-coupled”

[s]
=HY

If (=) then anode is Gnd, “DC-coupled”
cathode is —HV ... glass becomes charged

Bypass capacitors:
C ~100 Q /V so that the voltage
drop is no more than 1% of V

Example: Estimate the anode current in a typical PMT
for a Nal(TI) scintillator.

Nal(Tl) ~40k photons/MeV, t =230ns,

PMT: T] - 0'25 ] M:lo6 Cathode Focws 41 dr 42 dlne::m:i:ur::“da d9 410
rough Photoelectron Rate ~ N(e")/t ~ 43 /ns ]
| = dQ/dt ~ (43 e/1x109s) 106 (1.602x1019 coul/e’) PR RRRRERE

| ~7x103 A = 7 mA !! for one pulse
Crude approach: set current in Resistor chain “10x 1” _
but this leads to high power dissipation P =V | ~ 100W

ORTEC 296 “active” base
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PMTs — DC Pulse shape ME AL
Model of the connection to the anode of a DC-coupled PMT

i(t) = i, e twith A from scintillator, .
with boundary condition: Q= [i,e™dt =i,/
i(t) = AQ e ¢ 0

dq Vo

i(t)=4Qe " =i, +i PN i(t) =—
() Q C () R Fig. 9.19 Knoll, 3" Ed.
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= & _2Q V.
dt C RC webeee Case 1 — Large time constant | .
1 l _ _ 1 /\
V(): ( Qj[ ®t_e /“:I @—— Titne
i_® C RC vin .

et .
Pulse maximum, set dV/(t)/dt = 0 K
"= A y) max C[/’L ®] )

If “slow” electronics: RC >>t then ® << A and V(t..,) = Q/C
If “fast” electronics: RC <<t then ® >> and V(t,) = QMOC << Q/C
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Electron multipliers — other devices R LR AN ST

Channeltron: essentially a continuous dynode in a curved tube.
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Typical Phillips device 12.5 pm ¢ 15 um apart — g, ~ 0.55

GEM gaseous electron multiplier: derivative of gas-filled proportional counter

f Drift

| Cathode
g Drift Gap
;ﬁsgggumu-m-u-%n GEM
B Transfer Gap ug_ Copper
ﬁ&m -n--n-m-%u GEM Kapton
% Transfer Gap L] C
‘ '_',"."-'@,-m----u--n GEM opper
R Induction Gap
: ;1  — s 1 Readout
PCB
Readout
Flecenics Typical device 70 um ¢ 140 pm apart, M ~ 103

© DJMorrissey, 2009



