This article was downloaded by:

On: 30 January 2011

Access details: Access Details: Free Access

Publisher Taylor & Francis

Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered office: Mortimer House, 37-
41 Mortimer Street, London W1T 3JH, UK

Spectroscopy Letters
Publication details, including instructions for authors and subscription information:
http://www.informaworld.com/smpp/title~content=t713597299

AR TN Ml ciainary lsumsl
L W NSO
= |3 S (]
SRCGEHOSCO DA
L4” L5 8
ErMor Robyer® L. Mchel

Registration of Low Intenstity Spectral Lines with Fabry Perot

Interferometer by Photon Counting Method
L. Dunchev®; A. Petrakiev®; S. Z. Mohamad?; I. Mandjukov®
2 Dep. of Optios and Spectroscopy, University of Sofia, Faculty of Physics, Sofia, Bulgaria

@ Ty & Frarcis

Sukame 38 Mumtzers 4-% 1005

To cite this Article Dunchev, L., Petrakiev, A. , Mohamad, S. Z. and Mandjukov, 1.(1980) 'Registration of Low Intenstity
Spectral Lines with Fabry Perot Interferometer by Photon Counting Method', Spectroscopy Letters, 13: 6, 407 — 417

To link to this Article: DOI: 10.1080/00387018008064032
URL: http://dx.doi.org/10.1080/00387018008064032

PLEASE SCROLL DOWN FOR ARTICLE

Full terms and conditions of use: http://ww.informaworld. conftermns-and-conditions-of-access. pdf

This article may be used for research, teaching and private study purposes. Any substantial or
systematic reproduction, re-distribution, re-selling, |oan or sub-licensing, systematic supply or
distribution in any formto anyone is expressly forbidden.

The publisher does not give any warranty express or inplied or make any representation that the contents
will be conplete or accurate or up to date. The accuracy of any instructions, formul ae and drug doses
shoul d be independently verified with primary sources. The publisher shall not be liable for any |oss,
actions, clainms, proceedings, demand or costs or damages whatsoever or howsoever caused arising directly
or indirectly in connection with or arising out of the use of this nmaterial.



http://www.informaworld.com/smpp/title~content=t713597299
http://dx.doi.org/10.1080/00387018008064032
http://www.informaworld.com/terms-and-conditions-of-access.pdf

04:19 30 January 2011

Downl oaded At:

SPECTROSCOPY LETTERS, 13(6), 407-417 (1980)

REGISTRATION OF LOW INTENSITY SPECTRAL LINES WITH FABRY

PEROT INTERFEROMETER BY PHOTON COUNTING METHOD

L,Dunchev, A,Petrakiev, S,Z,Mohamad, T,Mandju%ov
University of Sofia, Faculty of Physics, Dep. of Optics

and Spectroscopy, Sofia, Bulgaria

ABSTRACT
A simple photon counting system for measuring very
low optical spectral lines is described. It is of int=rest
the cooling housing for its low cost and easy implementa-
tion, A comperison between the standard d.c registration

system and the photon counting one is given,

INTRODUCTION

i

As it is well known the method of pulse counting i
widely applied in radiometry. A single photon spectrum can
be recorded when a photon zans:s a pulse. It is so called
photon counting method in this case.

The equipment is the same but a more of details is

to be discussed, The PMT comes the first. In order to achieve
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greatest sensibility a PMT with a single photon maximum is

choosen. For choosen such a PMT an amplitude analisis must
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be carried out {fig. 1). Curve 1 shows the shape of dark
current characteristic of the suitable for photon coun-
ting PMT, and curve 2 shows the shape of dark current
characteristic of the conventional one with nearly the
same range of the total dark current, It is evident that
the plateau shall raise if an accidental beam falls onto
the photocathode while the exponent shall remain nearly
on the previous statistical level, This feature of the

dark current characteristic provide the main advantage
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Fig, 1
A typical amplitude analyses of the dark current of
suitable for photon counting photomultiplier (1)

and of a standard one (2).
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in the photon counting method, If a threshold is applied
to suppress the main part of the dark current pulses,
which manifest themselves in the exponent, the sensibi-
lity shall depend on the hight of the plateau,

It is of great importance to design and make the
PMT housing and the registrating part well for maximum
realization of the photon counting method. For instance1,
the single photon maximum requires higher than usual vol-
tage and special care must be taken when the dynode chain
is made =the wiring should be very carefully done with
short connected wires, The whole system must be herme-~
tically insulated if possible., If cooling is applied
because of the possible scintilation of the additionally
inserted materials (as the glass of special duar, for
instance) there should be taken still other measures to
insulate the PMT optically,

The electrostatic protection of the PMT is an impor-
tant problem and must be most carefully carried out, and
a special permalloy shield must be used (as those pro=
duced by EMI for example) when ho magnetic field is app=
lied to reduce the dark current., A hygroscopic material
might be placed in to avéid sweating of the windowz. In
case of sweatingvthe minimum intensity of‘the signal
grows up so reducing the sensibility of the system,

A general block diagram of the apparatus is consist

of PMT, amplifoer discriminator and data counter, The
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total gain factor of the electric system is about 109.
The gain of the PMT is about 106 in photon counting and
the pulse amplifier must have a factor of gain about 103.
A band of 100 MHz is quite sufficient for all the regis-
tration equipment. To f'ix accurately the single photon
maximum a descriminator with easy thresholds should bLe
used., A 2 kV high voltage supply is suitable for a serial

PMT (as an EMI one, FEU~79-USSR etc.).

EXPERIMENTAL

Fig. 2 shows a block diagram of experimental set~ up
UFPS~1 by Carl-Zeiss Jena is used as a source of interfe-
rence atomic spectrum, It is d,c registrated by a recorder
(channel 1-standard eguipment) or by photon counting (chan
nnel 2),

We reched the required gain factor of about 1000
for the whole electronic system by adding a 10 gain pream
mplifier to the single channel analyser 20026, The appro-
priatelly choosen input and output resistances of the
preamplifier allow good co~ordination betwesen the PMT
and the single channel analyser, Some insignificant chan-
ges in the single channel analyser enables its effective
application in our photon counting system, The multicha~
nnel analyser of the type AI-122%2 (USSR) makes the amp~-

litude analysis of the dark current pulses, linearly
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Fig. 2

Standard d.c registration system (1) and the

photon counting system we have used (2).

amplified by the amplifier of the single channel analy=
ser, The multichannel analyser is cut out when the single
photon maximum is achieved and the registration is perfo=
rmed by the data counter of the single channel analyser,
The printer records the data of the measurements in each
channel and then clear and start impulses sent to the data
counter so that the registration of the next spectrum
channel could begin. Thus for a scannitg interval At per
channel the data are recorded by the printer or are fed

into a computecr for mathematical processing.
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Particular attention is paid to rhe PMT housing.,
Fig. 3 shows the diagram of the PMT housing we made it.
The PMT of the type FEUe79 (USSR) (4) is encircled by a
cooling aluminium cylinder (3). thermally conuected to a
liquid nitrogen duar (1) by means of a cooling rod (2),
The PMT is thermally insulated by a styrofoam cuskion(7)
and optically protected by a black screen (8). The elece
trossatic protection is assignad to the housing (6),
encivcling the preamplifier as well. (5) is a silica gel
ring. {9) is the base of FEU-79,

The cooling system is of interest in this case,

becaise of 2ts fTairly simple implementation and low cost.
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Fig. 3

Cooling PMT housing,
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The appropriutely chooszn cooling rod provides a quite
sufficient temperature of abcut -20°C with adequate stam
bilily aad riliability. If desired a plain replacemens of
the cooling road cuvuld secure the same cooling stakbility
and riliability by mears of other cooliug mixtures (as

cryogen, for instance), dry ice etc,

RESULTS

We huve not applied magnetic fied to reduce the
number of dark pulses because of the sharp elevation of
their level, probably due to the construction of the PMT,
In the cases of a PMT, produced by EMI good results are
achieved,

Fige, 4 shows the bluz line of cadimium registrated
by standard equipment (a) and by our photon counting sys-
tem (b). The line is reduzed by the diaphragms of UFPS-~1
to the potentialities of the standard equipment. The iso~
topic structure of the line is clearly seen in case (b).
Some mezsarement characteristics are shown. The improves
ment of signal to noise ratio in our photon counting case
is about 10“. The width of channel in case (b) is deter~
mined by the free spectral range and the halfwidth of the
line so that it becones evicdent that the numlier of channel
per order must be equal to the finess of the Fabry-Perot

etalon, Thus, by means of the value of the time per cha-
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Cd ¢79.92am

Free spectral range-001S2nm
Exposure time 120min

Relativ standard deviation $,=9.76%

©

Free spectral range- 0.0192nm
Background level - 60 pulses per channel
30sec or 0,0003nm per channel

Relativ standard deviation S,212.26%
Channel precision d=0.0003am
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Isotopic =tructure of Cd 479,92 [STHIN (d) standard d,c

system, (b) photon counting system,
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nael we can calcula’e a tim2 of exposure to provide an
optimal statistical level,

Fig, 5 shows a blue calcium line from a holloweca-
thode lamp in magnetic field and all the characteristics
of the measurement accomplished by the standard equip=

ment (a) and our photon countlting systemn (b),

CONCLUSTIONS

On the basis of our work we can make the fullowing
widely vallid conclusions:

1. The cooling system applied is expensive and is
easily implemented. It provides a stable temperature of
aboutv -20°C which is sufficient f'or reugucing to the mini-
mum the number of dark pulses from an antimony-cesiuam
cathode suzh as the cathode ol' PMT FPEU-79 (USSR).

2. It is evident that the sensibiliity of our phovon
counting system is higher cthan itie sensibility of the
standard eyuipment with d.c¢ system. Very week light beam
of about 100 phntoa perr second can ne registrated. The
avarage rate ol signal to nois rucio is over IOu in our
photon counting case,

3. It is quite easy in our case to apply a computer
for a large range of matnemacical processing of the data.
For example: processing oi the shape of the lines, corre=

ction vy means ol the apparatus funcuion; darect prasma
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I Ca 422,673nm I

Free spectral range - 0,0179nm

Exposure time 120min

Relativ standard deviation S,=32,81%

©

Free spectral range - 0,0179nm
Background level 60pulses per channel
30 sec. or 0.0003nm per channel
Relativ standard deviation Sp=2,45%

Channel precision d< 0,0003nm
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Fige 5
Zeeman spliting of Ca 422,07 nm ltine! (a) standard d, o

system, (b) phiotos. countiiyg syst o
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diagnostics on very precise registration of vne line
profiles; strucituralr analysis of very low isotopic conce=-

ntrations;: precise analysis of Lraser lines and so on.
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