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Weak signalswmth moderate banduth
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- best vith n=6-9 stages (G=%0 1)
- choose the largest possiblgfi@r desired bandwth,

. = 1/[2C_B] (e.g.,=100 K2 for B=160 kHz and G-10 pF)
and have: ¥,=R.1,= R.0G P, dynarnt range: 18- 10,

noise figure: NFP= 2.5-2.7
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Fast vaveforms
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- best vith n=12 stages (G=10 1) for wek signals
- output terminated on R50 Q for best bandiath, last
dynodes bypassed andhnmore voltage (3R, 6R)
Impulse response: SERntited (typ. duratiod\t =2 ns),

bandvidth: B; 45 = 0.31At dynamic range: ¥qtyp.),
noise figure: NFP= 2.5 (typ.)
output signal waverm: § (t) = I(t) * SER(t)
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Time measurements
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- best vith n=12 stages (G=10 1) for wek signals
- output terminated on R50 Q for best bandidth, first (3R)
and last dynodesitir more voltage (3R, 6R)
Impulse response: SERntited (typ. duratiod\t =2 ns),
intrinsic limit of accuray: o={0,,*+[9/(9-1)g,]0,%} 12
(typ.)=058 ns for 1 photoelecbn
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T (PS)

TIME ACCURACY

Time measurements

Time resolution ofa
typical 12-stage
PMT with At=3 ns
followed by a
constant fraction

\/
10
timing (CFT). Data
100— for a I(t)=d(t) light
v pu'se, timng

1000 —

threshold is set at
fractional level §
=C/R ofthe tota
10 — collected charge R.
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threshold level (at fraction of charge C/R)
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Photon counting
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basic functional scheme of
photon counting with PMTs
(top), and an example o&
measurement, showing
evolution of signal plus dark,
dark only, and result &r
dark subtaction (bottom);
vertical bars ofAN indicate
the +0.w,, standard
deviation confdence
Intervals
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Photon counting (cont’d)

Requirementsdr PMTs in a photocounting regime:

 a SER ampitude in the MmA range (toget=100mV in circuits),
l.e., G=10’-10°and =12 dynodes

e a high irst dynode gaindr a good discrimmation efficiency
e a voltage divider adequdtehave a shotkt of SER.

- maximum photon ratecguired for the photocouirtg:

F=1T, (set by the integtor recovery time, 7=3-10AT typ. )
- dynamic range (in powe

P=e/lo (for 0=20mA/W, T.=10ns it is P=0.8 nW)
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Analysis of the photon couirtg

Total counting N= N+N, (signal plus dark) has a mean value:
(NCE ONSGFON O =10, F T +(ngly/e)T
and, following Pois®n statistics, variance is:
0, 2= [N [+ ON,O

whence (S/N)= ONP/ [ONJ+ON O]
noise figure NF of the photoounting process:
NF2= (S/N)%\g=0/(S/N)? =1+ ON4LVON = 1+ (nglg/e)n, F

The minimum measurable radiant power, at dark aogmniates Je of a few
electronsfor*s, (atn-n ,=0.1, near thgpeak ofphotocathodeesponse) is:

P =¥hn,=10%W
a performance unsurpassed by any dtimer of photodetector
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Photon counting ith dark subtraction

Subtracting dark fronsignal pus dark (wh the same T)gives:
AN= [N, -ON,O=0N C+ ONL - ONCEON O
The variance oAN is the sunof the varianes, ® that:
02= ONJH+20NO  (S/N)2 =0ON B/ [ON+20N O
and  NF2= 1+ 2[NOJINO= 1+ (2nyl4/€)n, F
letting S/N=1 and br weak signalsi(N J[K<UN4L), it is:
N =V[2ON O = V(2n4l 4 T/e)
or, the mnimum detectable signabeingtN/=nn,FT, Is:
Frin = V(20 4lg/€T)NN,,
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Photon counting ith dark subtraction: an example

With a PMT having:
- a S-24 response, witir0.35 atA=400nm,
- a 1cn? area, Wwh a dark current ta |/e=1cm?
- a first dynode gain g3
- thresholds @Ge=08 and Q/Ge=25 (n,=0.7,n4=0.8)
the minimum detectale rate is: E. =V(2:0.71/T)/0.350.7
83WT photon/s

for a 8-hour integration period this yields

F =4.83M28800=0028 photon/sor

P =hvF . =1.3-1020W,
..e., the powerdllected fom a m= 28th ragnitude star mh
a 1n? telescope apente.

from:”Photodetetors”, by S.Donati, Rrentice Hal 2000 10



Nuclear spectrometryithr scintillation counters
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Dating with scintillation counters

Carbonisotope“C, initially absorbedrom atmospheraluring
specimenif e, decayswith a half-life T,,,=5700yearsemitting
160 keV electrons.

Dating isperformed by lookng at the detdion rate of160 keV
electrons(peak amplitude of the MCA+ scintillator spectrum),
which is proportional to the residual contefit!“C in it.
Measurableconcentraions are down to ¢=10° of the initial
value g, according to the simple expression

T=T,,l00, (c/q),

with a practical lintt in dating to about 40 000 ysa

Other radionuclidessuch as$’Rb, 232Th, 233U and“%K, are used
to cover much larger time spans(up to 10°-10° years)and in
Inorganic samps werel“C is absent
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Fundamentals

Themicrochanel (or channeltrons a secondary emissi
electron multipler equivalent of a continuous dynode chain

secondary metallization

emitter glass
\ \ \

\
Y

S~

\ 1 electrons

primary
electron
L +VAL
It is a small tubewith asecondary emittanaterial deposited on the
Internal walls. Because of thesfd established by supplyoltage, an
Input electron hits theurface and mulbplies, and so do theesondaries.
The primary electron impinges at an argfgyp. 530°] respecto

microchannel axis so as to obtain the first impact at a distaDégd .
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Fundamentals (cont’d)

For use as aatd-alone deviceajng and spiral MC shapes are preferred,
as here elean paths and the mean free patare less depenaeon E
and6, and both dispersion in n and excess variance are smaller.

W\ LW

/
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Fundamentals (cont’d)
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typical trend of the
MC gain as a
function of supply
voltage and q®ct
ratio L/D
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Fundamentals (cont’d)

ELECTRODING

(on E4cH Face fabricating several
microchannels sie by side,
we get a Multi-Channel-Plate

(or MCP).

MCP plates with diameter (or
sraucruRe side) of 25-80 mm and (-2
mm thickness, compriag
10P-1® individual 8-15um-
diameter microchannels are
used Dr charge- amplitation
INn Image intensiker tubes, the
devices br which this
technology \as originally
developed, and CRTs.

(CUTAWAY VIEW)
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Gain of the MC

secondary gain: g = (AV)

for n-stages: "o=[AV /Nt G
number ofstages: n =L/l
path-length: _F/,[eV_/Lm]t?

time betveen multipl: t=D/v,
perpendicular velocity: #vco<D,
and E=Y, m¥=1, mvZ/cos6,
so that 1/, mv 2= IiDco§esD: E./20eV,

solving for v, (rms vaue) v = V(2eV,/m)

then, | =%,[eV,/Lm] [D/v{]*=1,[D?V /LV ]
n=4[rV,/D?V,j] and

G =[AV 2D2/ 4 | 2V ]4BL2 VD2V,

Example:for AgMgO with r=L/D=50, V,=1000V, V =2V, it is: n=20,

g=1.75 and G=Q.0611000/20%° %> =7-10% With CsSh, (same values)
g=2.4 and G=(.071000/203°°7 =410".
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Charge response

For a ixed-n PMTwe have:

MNO=g"
0,2= ON[R/(g-1)= [N[R g,2

Letting n fluctuaé byAn, the meanltictuation is:

ACNO =g (In g)An
or, Ox2=IAINC?0= [¢" In gPo,?

this isthe exta contribution to varianc&€ AN,,.2[H AN, 20,
so for the M CP wkave

Onme = LNLFEA*+[Q" In g 0,2 = INLF {e,*+[In g]° 0,7}

where,from Montecarlo smulations,o,°=k [h{] (and k=0.02-0.1
for a curved geonmwtand k=0.2-04 for a linear geometry).
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Charge response (cont'd)

By combining it Is:

Onme” [ONCP=€,2+ [In gPk Ol €42

Example:for a linear MCP with g=2.4, n=20 and k=0.8js:
Eamc>=0.71+0.710.320=4.59, instead of,*=0.71 for fixed n.
Thus, the variance worsens by a faetgy.?/e,°= 4.59/0.71= 6.46.

The MCP starts from a worse statistics than the PMT.
However, exatly asin PMT, the statisticsimproves with
Increasing number ahput electrons R.A this case:

Orior [LNR(P = {€x%+[INn gFk [N} /R = €,,,,4/R
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MCP Photomuipli ers
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A two-
stage MCP
PMT
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Fundamentals
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A position-
sensitiveMCP-
PMT with a
charge-coupled
device CCD)
readout
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