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REGISTRATION O F  LOW INTENSITY SPECTRAL L I N E S  \<IT11 FABHY 

PEROT INTERFEROMETER BY PHOTON COLiNTING IrlETIiOD 

L .  Dunchev, A .  P e  t r a k i e v ,  S. Z .Mohsmad, I .Plaiid,ju’<ov 

U n i v e r s i t y  o f  S o f i a ,  F a c u l t y  oi P h y s i c s ,  Dep. o f  d11 t i c s  

and S p e c t r o s c o p y ,  S o f i a ,  Bulgay.ia 

ABSTRACT 

A s imple  photon  c o u n t i n g  s);stem f o r  rneaauri iig \.t’r>- 

l o w  o p t i c a l  s p e c t r a l  l i n e s  i s  d e s c r i b e d .  It  i s  o f  in-::-r-est 

t h e  c o o l i n g  h o a s i n g  f o r  i t s  l o w  c o s t  and  e a s y  implemeiita- 

t i o n .  A comper ison  between t h e  s t a n d a r d  d. c r e g i s t r a t i o n  

system and t h e  photo:i c o u n t i n g  one i s  g i v e n .  

INTRODUCTION 

A s  i t  i s  w e l l  known t h e  method of p u l s e  couiitin&: i s  

wide ly  a p p l i e d  i n  r a d i o m e t r y .  A s i n g l e  photoo  apectrunl <-all 

be r e c o r d e d  when a photon  3 a l l : i l . i  d p u l s c b .  It  i s  s o  c a l l  cd 

photon  c o u n t i n g  method i n  t h i s  c a s e .  

The equipment  i s  t h e  s a n i c x  but  a nioi’e of a e t n i l s  i a  

t o  be d i s c u s s e d .  The PMT comes t h e  f i r s t .  111 order .  t o  a c 1 i i c 5 v &  
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408 DUNCHEV ET AL. 

g r e a t e s t  s e n s i b i l i t y  a PMT wi th  a s i n g l e  photon maximum i s  

choosen. F o r  choosen such a PMT at1 ampli tude a n a l i s i s  must 

be c a r r i e d  out  ( f i g .  1 ) .  Curve 1 shows t h e  shape of dark  

c u r r e n t  c h a r a c t e r i s t i c  of t h e  s u i t a b l e  f o r  photon coun- 

t i n g  PMT, and curve 2 shows t h e  shape o f  dark c u r r e n t  

c h a r a c t e r i s t i c  o f  t h e  convent iona l  one w i t h  n e a r l y  t h e  

same range o f  t h e  t o t a l  dark c u r r e n t .  It i s  ev ident  t h a t  

t h e  p l a t e a u  s h a l l  r a i s e  i f  an  a c c i d e n t a l  beam f a l l s  onto 

t h e  photocathode while  t h e  exponent s h a l l  remain n e a r l y  

on t h e  prev ious  s t a t i s t i c a l  l e v e l ,  T h i s  f e a t u r e  of t h e  

d a r k  c u r r e n t  c h a r a c t e r i s t i c  provide t h e  main advantage 

threshold Amplitude 

F i g .  1 

A t y p i c a l  ampli tude a n a l y s e s  o f  t h e  d a r k  c u r r e n t  of 

s u i t a b l e  f o r  photon count ing p h o t o m u l t i p l i e r  ( 1 )  

and of a s tandard  one ( 2 ) .  
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PHOTON COUNTING METHOD 409 

i n  t h e  photon count ing method. If a th reshold  i s  appl ied  

t o  suppress  the  main p a r t  of t he  dark cu r ren t  pu l se s ,  

which manifest  themselves i n  the  exponent, t h e  sens ib i -  

l i t y  s h a l l  depend on t h e  h igh t  of  the  p l a t eauo  

I t  i s  of  g r e a t  importance t o  design and make t h e  

PMT housing and t h e  r e g i s t r a t i n g  p a r t  wel l  f o r  maximum 

r e a l i z a t i o n  of t h e  photon counting method. For i n s t a n c e  , 
t he  s i n g l e  photoii maximum r e q u i r e s  h igher  than usua l  v o l -  

t age  and s p e c i a l  care  must be taken when t h e  dynode chain 

i s  made - t h e  wir ing  should be very c a r e f u l l y  done with 

sho r t  connected wires. The whole system must be herme- 

t i c a l l y  i n s u l a t e d  i f  poss ib le .  If cool ing  i s  app l i ed  

because of t h e  poss ib l e  s c i n t i l a t i o n  o f  t h e  a d d i t i o n a l l y  

i n s e r t e d  m a t e r i a l s  ( a s  t h e  g l a s s  of spec ia l  duar ,  f o r  

i n s t a n c e )  t h e r e  should be taken s t i l l  o the r  measures t o  

i n s u l a t e  t he  PMT o p t i c a l l y .  

1 

The e l e c t r o s t a t i c  p ro tec t ion  of t h e  PMT i s  an impor- 

t a n t  problem and must be m o s t  c a re fu l l> -  c a r r i e d  o u t ,  and 

a s p e c i a l  permalloy s h i e l d  must be used ( a s  those  pro- 

duced by EM1 f o r  example) when no magnetic f i e l d  i s  spp- 

l i e d  t o  reduce t h e  dark  cur ren t .  A hygroscopic m a t e r i a l  

might be placed i n  t o  avoid sweating of t h e  window I n  

case of sweating the  minimum i n t e n s i t y  of t h e  sigllal 

grows up s o  reducing t h e  s e n s i b i l i t y  of  t h e  system. 

2 

A gene ra l  block diagram of t h e  appara tus  is c o n s i s t  

of PMT, amplifoer  d i sc r imina to r  and d a t a  counter’. T h e  
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410 DUNCHEV ET AL. 

9 t o t a l  g a i n  f a c t o r  of tlie e l e c t r i c  system i s  about 1 0  . 
The g a i n  o f  t h e  PMT i s  about 10' i n  photon coun t ing  and 

fha pulse a m p l i f i e r  must: have a f a c t o r  of g a i n  about  lo3. 

A band of 100 MHa i s  q u i t e  s u f f i c i e n t  for a l l  t h e  regis- 

t r a t i o n  equi lment .  To  Six a c c u r n t r l y  t h e  s i n g l e  p11ot;oii 

maximum a d e s c r i m i n a t o r  w i t h  easb- threshold,+ should I J~ :  

used. A 2 kV h i g h  v o l t a g e  supply i s  su i t abLa  f o r  a s e r i a l  

PMT ( a s  a n  EM1 one, FEU-79-USSn  e t c . ) e  

EXPERIMENTkL 

Fig. 2 shows  R b l o c k  diagram o f  e x p n r i n t e n t d  set- up 

UFPS-1 by C a r l - Z e i s s  Jcria i s  used a s  a sou rce  o f  i r i t e r f c -  

rerice atomic apectruni. It i s  11.c r e g i s t r a t e d  by a r e c o r d e r  

( charmel. 1 - s t a n d a r d  e<uipnient) o r  by p h o t o n  coui i t ing ( clia- 

n n e l  2 ) .  

W e  recked t h e  requjretl g a i n  f a c t o r  o f  about  1000 

f o r  t h e  whole e l e c t ; r o n - i c  systern by adding n 10 gai i t  prca- 

mplif  icr t o  t h e  sj r g l e  c1ianneL anal.yser 20026. The a p p r o -  

p r i n t e l l y  cliooseit i n p u t  and ou tpu t  r e s i s t a n c e s  of t h e  

p r e a m p l i f i e r  allow good co-o rd ina t io i i  b e t w E c ? r t  t h e  PMT 

and t h e  s i n g l e  clraiviel analy ser. Some i n s i g n i f i c a n t  clian- 

g e s  i n  t h e  s i n g l e  channel  a n a l y s e r  c r i a b l e s  i t s  effctct ivi?  

a p p l i c a t i o n  i i t  our photo11 coun t ing  syst tm.  The rnu1l:icha- 

line1 axlalyser of t h e  t y p e  A I - 1 2 8 - 2  (USSR) m a k e s  the amp- 

l i t u d e  a n a l y s i s  of t h e  dark c u r r e n t  p u l s e s ,  l i n e a r l y  
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PHOTON COUNTING METHOD 411 

1 

23111 

I ’  

Multy 
channel 
onoliser 

AH-128-2 

Fig. 2 

Standard d. c r e g i s t r a t i o n  s )  stein ( 1 ) and t h e  

photo11 coui i t ing system we tiave u s e c i  ( 3  ) ,  

a m p l i f i e d  by t h e  anipl i f j  ex’ of t h e  s i n g l e  channel a n d y -  

sCra The n i i i l  t ict iaimel a n a l )  be1 i s  c u t  o u t  when t h e  s i n g l e  

p h o t o n  maximum i s  achieved and t h e  r e g i s t r a t i o n  i s  pe r fo -  

rmed b y  t h e  d c t a  coun te r  of t h e  s i n g l e  channel  nna lyse r .  

The p r i n t e r  r e c o r d s  t h e  d a t a  of t h e  measurements i n  each 

channel  aiid t h e n  c l e a r  aiid s t a r t  impu l ses  s e n t  t o  t h e  d a t a  

coun te r  s o  t h a t  t h e  r e g i s t r a t i o n  of t h e  next  spectiwm 

chanriel c o u l d  beg in .  Thus f o r  a scanni l  6 i n t e r v a l  A t  pe r  

channel  t h e  d a t a  a r e  r eco rded  by the p r i n t e r  o r  are f e d  

i n t o  a computcr f o r  mathematical  p r o c e s s i n g .  
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412 DUNCHEV ET AL. 

Poi*ticulei- a t tent ion 3s paid t o  she PMT housing. 

F i g .  3 &ow6 the diagram of the PMT housing w e  mnde i t .  

The PMT of tho typo FXTJ1+79 (USSR) (4) i s  encircle5 by &L 

cool ing aLuminium cylinder ( 3 ) ,  thermally connected t o  a 

l i q i r i r l  nitrogen duar ( 1 ) by meane of a cool ing rod ( 2  1. 
The PHT is tkornally inrrulated by a styrofoun cuBhion(7) 

and o p t i c a l l y  protected by a black screen ( b ) .  "lie e l m -  

tJ-oe-;atCo protect ion i a  ahsLgnad t o  the ~ I J * J S ~ I I ~  ( 6 ) ,  

encii*cLi.ng tlio preamplifier as w e l l .  ( 5 )  i s  a s i l i c a  gel 

ring. { y )  is t h i s  base  of Fm;-79. 

The cooling syetem i b  of interest  in th iz~  caseI 

becai.s;e of ~ t a  f a i r l y  eimple lmplenientntion and lob c o s t .  

+ UkV 

output 

Fig. 3 

Cooling PMT housing .  
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PHOTON COUNTING METHOD 413 

The appropr iu te ly  citoosen cool ing rod provides  n. q u i t e  

su f f i c i en t .  tei::pcrature of abcut -20°C with cdsqciiti H sta- 

bili . ;y ail11 ri1:i.uhi.L I ty. If cie:iii.e.i a p l a i n  reglacen~c:~~.; of 

t h e  cool ing r3d c w l d  secure  he! s a m e  cooiirtg s t t l ' b i l i  ty 

and r i l i s b i l i t y  by m e c u - , s  C J ~  ot;ier cooliiig mixtuxes ( bs 

cryogen, f t J J '  instance) ,  dry i c e  e tc .  

RESULTS 

We have not  appl ied  magnetic f i e d  t o  reduce t h e  

number of dark  pulses  because of t h e >  sharp eLex-ntion of 

t h e i r  l e v e l ,  probably due to t he  cons t ruc t ion  of t h e  PMT. 

I n  t h e  cases  o f  a PMT, produced by EII good r e s u l t s  a r e  

a ch i ev ell. 

Fig. 4 s h o w : ;  tho b l u z  l i n e  of cadiniiuni regj.st.rated 

by s tandard cyiii.pmwit (a) and by our photon counti.ng sy.3- 

tem (b). The l i n e  i s  re<iu:>ed by t t u 3  diaphragitw or" U'F'PS-1 

t o  t h e  poten t ia l . i t i t t s  o f  t h e  s tandard equipment, l'he i s o -  

t o p i c  s t r u c t u r e  of t h e  Line i s  c l e a r l y  seen i n  case (b). 

Some meesirement c h a r a c t e r i s t i c s  a r e  shown. Tho improve- 

ment of s ignal  t9  n o i s s  r a t i o  i n  our piiotoii coitnkiiig case 

i s  about 10 . TI& width of channel i n  case  ( b )  is de te r -  

mined by t h e  f r e e  s p e c t r a l  range and the  ha l fwid th  of t h e  

l i n e  so t h a t  i t  becones eviGent that. t l i u  numljer of channel 

per  order  m i r s t  be eciuiil to t h e  fine;cs of the Fabry-Perot 

eta.lon. Thus, by means of t h e  va lue  of t h e  tima per cha- 

4 
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414 DUNCHEV ET A L .  

I CdL7992nm 1 

F r n  sprctrol rongr- O0192nm 

Erposurr tlme 120min 

Rrlotlv standard deviation S , =  9.76% 
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PHOTON COUNTING METHOD 415 

C O N C L U S I O N S  

OIL ttie b a s i s  of' out- kork w e  caii rriahe Lhe f t i l loI \ , i i ig  

kuldely v a l l i u  coi-i lclusioils:  

1 .  The c o o l i i i g  system a p p l i e d  i s  e x p e n s i v e  and is 

e a s i l y  iniplemeiitecl. It p i - o v i d t a  it s t a b l e  tempera-Lure of 

a b o u c  -20 C which is s u i ' f i c i c i i t  YO? i e a u c i i i g  to t h e  m i r i i -  

inilni  t h e  iiumber of dark  p ~ l l s e s  f r o i , ~  i i i i  ai i t i inot i j . - - r :cs i i~i i r  

cathode E.u::h a:: the ca t h o u s  01' FMT €bU-'jS) ( U S S l i ) ;  

o 

2. It  is e v i d e n t  tltat r h e  s r r i = i S i l i t j -  of cur' pho io r i  

c o u n t i n g  53 s t a i l  i s  liigiier i ; h i i n  t i l e  s e n s i b i l i t y  01' the 

sta1iaar.d equipiiieiit with L A .  c: s )  s t . # ; t i i .  V e r )  wzek L i g i i L  bean1 

of t ibout 100 p h q t o L 1  pel.  secoi id car1 I - J ~  r e g i s t r a t e d .  Tt l e  

a\'i+rage r a t e  02' o i g i i a l  t o  i- iois r a i i o  is o v e r  113 i l l  OUT' 

photon  c o u n t i n g  c a s e .  

4 

3 .  It i s  q l i i t e  e a s y  ill (iur c a s e  to appLy a coinputei- 

for a l a r g e  rarigc of inatneiiiacical processing of tile data. 

For exaniple: process ing  vi' t h e  shape o f  t h e  l ~ ~ ~ e s ,  c o r r e -  

c t i o n  by nieaiis 01 t n e  apparatus  funcLio l i ;  d i r e c t  pLasiiia 
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Ca 422,673nm 

Free spectral range - 0,0179nm 

EKpOSUrQ tlme 120min 

Rclotiv standard deviation Sr= 32,81% 

@ 
Free spectral range - 0,0179nm 

Background IQVPI 6Opulc~r per channel 

30 sec. or 0.M103nm per channel 

Relativ stondord deviation S r =  2,05% 

Channel precision d r  0,OWhm 
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PHOTON COUNTING METHOD 417 

diagnostics 011 1. eiy precise regis trat io i i  of m e  1 LJIY 

p r o f i l e s ;  struc L;UZ-II analys is  of v e r y  low i so top ic  coiice- 

ntratioi is;  precise ana1ysi.r of i a s e r  l ines  and 30 on. 

Received: March 21, 19% 
Accepted: April 18, l98O 
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