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W e present a simple pro cedure w hich allow s us to shif t the positron
annihi lati on spectra, e.g., the Doppler broadening spectrum of the annihi-
lation line. T hat is especially required w hen w e w ish to compare di ˜erent
spectra obtained w ith a spectrometer w ith the reduction of background. A s
an applica tion of the obtained algorithm w e present the studies of positron
annihi lati on in carb on material samples.
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1. D escr ip t ion of t he al gor i th m

T he development of m ore accura te exp erim ental m etho ds in the positro n
anni hi lati on Ùeld induces a m ore preci se data analysis. Nowadays, m easurem ents
of the D oppl er broadeni ng (D B) of the anni hi lati on l ine al low us to obta in a
spectrum f or whi ch the background to the peak rati o reaches the value of 1 0 À 6 .
The m ost interesti ng part of the spectrum is in the region where the detecte d
events corresp ond to positro n anni hi lati on wi th core electrons. The low probabi l i ty
of such events induces tha t they are hardl y di ˜erent from the background.

In m any cases a useful analysis of the obta ined data consists in the di rect
compari son of the measured D B spectra and calculati on of the rati o or di ˜erence
spectrum . Neverthel ess, f rom experim ent we kno w tha t each spectrum from series
m ay exhi bi t a slight shift wi thi n a certa in range of channels. Thi s is due to a
dri ft of electronic devi ces. Thus, the di rect com pari son of the spectra whi ch are
changing wi thi n six orders of m agni tude may lead to wro ng conclusi ons i f an exact
correcti on of the shift is not done. In the paper we propose the num erical procedure
whi ch al lows us to m ove the spectrum by any f racti on of channel . Thi s procedure
is dedicated for the D B spectra, but can be appl ied to other spectra obta ined in
nucl ear physi cs.
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Let us assume tha t the spectrum is described by the functi on f ( E ) , where E

i s the energy of the anni hi lati on gam ma quanta . Neverthel ess, in the m easurem ent
we are able to m easure only the fol lowing integra l of the functi on:

F ( i ) =

Z E i + 1

E i

dE f ( E ) ; (1)

where i i s an integ er numb er representi ng the channel numb er. In the measurement,
F ( i ) i s the numb er of counts whi ch were detected in the channel i ; thus F ( i ) i s an
integ er f uncti on, and let us denote F ( i ) ² N i . The set f N 1 ; . . . ; N i ; . . . ; N m ax g of
num bers represents the spectrum m easured in a typi cal experim ent using a m ulti -
channel analyser. From the cal ibra ti on of the spectrom eter we are able to establ ish
the relati on between the energy E of the gam m a ray and the numb er of channel i ,
for sim pl ici ty i t is a l inear functi on: E i = Ai + B . If we wi sh to com pare di rectl y
two spectra, we should ensure tha t the energy cal ibrati on f uncti ons are identi cal.
Let us assume tha t the gain of the am pl iÙer remains consta nt, i t m eans tha t the
parameter A i s constant, but the electroni c dri ft caused tha t the param eter B i s
changing from spectrum to spectrum . The value of B param eter can be establ ished
in di ˜erent ways. If we m easure the DB spectrum of the anni hi lati on line, one can
assume tha t the m aximum of the spectrum corresponds to the energy 511 keV.
One of the m etho ds is to Ùt the D B spectrum by a Gaussian functi on and f rom
the maximum of thi s functi on we m ay Ùnd out the positi on whi ch corresponds to
the energy 511 keV. Let us assume tha t one DB spectrum has its m axi mum at the
channel k and the second one at the channel l + " , where k and l are integ ers and
0 < " < 1 . If " would be equal to zero, we should onl y shif t the second spectrum
by k À l channels before doing thei r di rect comparison, whi ch is a sim pl eta sk. But
the case when " > 0 requi res another appro ach. From experim ent we have onl y
the set f N 1 ; . . . ; N i ; . . . ; N ma x g and from the Ùtti ng pro cedure the value of the "

parameter is kno wn. Let us assume tha t local ly, in the vi ci ni ty of the point E ,
f ( E ) can be appro xi m ated by the l inear functi on, thus

N i
¿=

Z
i +1

i

dE ( a 1 E + a 0 ) = a 1

˚

i +
1

2

Ç

+ a 0 : (2)

In the same wa y we can calcul ate the numb er of counts in the next channel :
N i +1 = a 1 ( i + 1 ) + a 1 =2 + a 0 . From these two equati ons i t is easy to obta in the value
of the a 1 and a 0 param eters: a 1 = N i +1 À N i and a 0 = N i ( i + 3 =2 ) À N i +1 ( i + 1 =2 ) :

No w if we appl y the l inear local appro xi mati on of the functi on f , there is no
pro blem to obta in the count in the i -th channel shifted by " :

N i + " =

Z i + l + "

i + "

dE f ( E ) ¿=

Z i +1 + "

i + "

dE ( a 1 E + a 0 ) = "N i +1 + (1 À " ) N i : (3)

Thi s is the sim plest wi dely used l inear relati on whi ch is rather a rough appro x-
im ati on i f we wi sh to shift the DB spectrum . The new spectrum now wi l l be
represented by the fol lowi ng set f N 1 + " ; . . . ; N i + " ; . . . N ma x À 1 + " g :

Let us develop thi s pro cedure in the future, assuming tha t f ( E ) can be
appro xi m ated local ly by a polyno m ia l: g (E ) = a n E n + a n À 1 E n À 1 + . . . + a 0 .
R epeati ng the above pro cedure we obta in the fol lowing relati ons f or the count in
the channel i shifted by " :
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for n = 2

N i + " =
" 2

2
( N i À 1 À 2 N i + N i +1 ) +

"

2
( N i À 1 À N i +1 ) + N i ; (4)

for n = 3

N i + " =
" 3
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for n = 4
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and for n = 5
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Note tha t to perform the shif t, we need to kno w only the who le spectrum and
the channel fracti on, by whi ch we intend to shift the spectrum . The degree n of
polyno mial may be chosen depending on the accuracy of subsequent considerati ons.

T o show how the above relati ons are worki ng, let us generate two spectra
whi ch are described by the Gaussian functi on: f ( E ) = N g exp

È
À ( E À E 0 ) 2 =2 ¥ 2

Ê
,

where E 0 = 2 0 0 for the reference spectrum and E 0 = 2 0 0 : 5 for the second one,
¥ = 1 8 and N g = 106 for both spectra. The spectra are presented in Fi g. 1a.
In Fi g. 1b the di ˜erence between these two spectra is dra wn when no shi fti ng
pro cedure was used. Let us deÙne the coe£ cient k ( n ) whi ch says how good is the

shi fti ng pro cedure of order n : k ( n ) = N
( n )

d =N g, where N d i s the m axi mum di˜erence
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Fig. 1. T he two simulated Gaussian spectra, one being shif ted w ith resp ect to another

one by a half of the channel (a). T he di˜erence betw een these tw o spectra w hen no
shif ting pro cedure w as applie d and w hen one spectrum w as shifted according to the

linear pro cedure (n = 1 ) ( b), and the other pro cedures with n = 3 (c) and n = 4 (d).

between the reference spectrum and the spectrum shifted back by 0.5 channel
(see Fi g. 1b). For the non shi fted spectrum k (0 ) = 3 : 4 È 1 0 À 2 , but for n = 1 ,
k (1 ) = 3 : 4 È 1 0 À 4 f rom Fi g. 1b, k (3 ) = 1 :4 È 1 0 À 6 from Fi g. 1c and k (4 ) = 7 : 4 È 1 0 À 8

from Fi g. 1d. Thi s shows tha t i f we wi sh to preserve deta i ls of the spectrum duri ng
the shift pro cedure, n should by as hi gh as possible. Neverthel ess, the presented
pro cedures are not abl e to shi ft spectra perfectl y and smal l di ˜erences always
rem ain.

Mea sured spectra always conta in a background or stati sti cal no ise. Let us
Ùnd how the character of the noise is changing when the spectrum is shifted wi th
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Fig. 2. T he distribu tion of the numb ers in the range from 0 to 5 located in 4000 chan-

nels. T he Poisson distribu ted numb ers represent a noise spectrum. T he solid line presents

the distributi on in the origin noise spectrum, the dotted line | the distrib utio n in the

noise spectrum which occurred after shif ting the origin spectrum w ith the linear pro ce-

dure w ith n = 1 and the dashed line w ith n = 4.

the above pro cedure. In 4000 channels we generated the spectrum whi ch conta ined
onl y the stati stical no ise. In the channel s the random num bers whi ch exhi bi ted the
Poisson distri buti on have been inserted. No te tha t far away f rom the anni hi lati on
l ine the D B spectrum is Ûat and i t is simi lar to our sim ulated spectrum . The
frequency analysis of the spectrum is presented in Fi g. 2. Then the spectrum was
shi fted by " = 0 :5 channel using the pro cedure wi th n = 1 and n = 4 and once
again the frequency analysis was perform ed. The results presented in Fi g. 2 show
tha t the shi fti ng pro cedure changed the shape of the distri buti on of the stati sti cal
no ise. Thus, the stati sti cal analysis of the noise should be pref erably done on the
ori gina l spectrum rather tha n on the shifted one. W e bel ieve tha t thi s is onl y a
smal l di sadvanta ge of the presented pro cedure.

2. Exp er i m ental ap p l icat ion of t he al gor i t hms

Let us appl y the above presented procedure to experim enta l data . In our
studi es we m easured the carbon m ateri al (CM) sam ples usi ng the D B spectro-
m eter described in [1]. W e wanted to Ùnd out whether the presence of pores in
the materi al is reÛected in the high mom entum part of the D B spectrum . The
vo lume f racti on of the graphi te in the CM sam pl espro duced by the Ùrm Ang raph
(Po land) was close to 37%. In our form er studi es of the carb on Ùbres we have
detected two l i feti m e com ponents in the positro n l i feti m e spectra . The second one
(§2 ) ranged from 373 ps to 441 ps [2] and i t can be associ ated wi th positro n an-
ni hi lati on tra pped at pores. The increase in the § 2 value was correl ated wi th the
increase in the S -param eter deÙned as the rati o of the centra l part of the anni hi -
lati on l ine to i ts to ta l area. The measured D B spectrum for each sam pl eexhi bi ted
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a smal l shi ft whi ch was evaluated by Ùtti ng the Gaussian functi on. Usi ng the pro-
cedure wi th n = 4 we have shifted each spectrum to pl ace the m axi mum of each
spectrum to the sam e integ er channel . (Af ter the shift the positi on of the m ax-
im um wa s checked once again.) For each spectrum the background subtra cti on
pro cedure wa s perform ed as described in R ef. [3]. In Fi g. 3a we present the D B
spectra m easured for the CM sampl es denoted as E13, E28, and E30, and the Mg
spectrum [4] for com pari son. In Fi g. 3b we drew the di ˜erence between the Mg and
the sampl e spectrum . No w one can detect only smal l changes in the region close
to 511 keV, whi ch corresp onds to positro n anni hi lati on wi th electro ns wi th a small
m omentum. In the region above 515 keV, where positro n anni hi lati on wi th core
electrons dom inates, we did not detect signiÙcant di ˜erences. In Fi g. 4 we show
the dependence of the S -param eter deduced f rom Fi g. 3a on the longest positro n
l i feti m e com ponent detecte d in the CM sam ples. (The shortest l i feti m e com po-
nent was close to 120 ps.) As we expected, the increase in the positro n l i feti m e
caused the increase in the S -param eter. W e can concl ude tha t the increase in the
positro n l i feti m e and the S -parameter is related wi th the positro n anni hi lati on in
larger pores, whi ch is supp orted by the fact tha t we did not see any signi Ùcant
changes in positro n anni hi lati on wi th core electro ns. Thi s can be expl ained tha t

Fig. 3. The Doppler broadenin g spectra obtained for the CM samples (E13, E28, and

E30) and Mg well- annealed sample (a) and the di˜erences b etw een the Mg spectrum

and spectra of the samples (b).
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Fig. 4. The value of the S -parameter deduced from Fig. 3a vs. the second comp onent

of the positron lif etime spectrum (a) and the electrical resistivi ty (b) measured for the
C M samples.

the overl appi ng of the positro n wave functi on wi th the core region of the ato ms
whi ch surro unds the pores is smal l. It can be happened for a rela ti vel y large radius
of the pores.

It is interesti ng to noti ce tha t there is a correl ati on between the S -parameter
and the electri cal resistance of the sam ple (Fi g. 4b). Thi s suggests an inÛuence of
the pores on the electri cal resistivi ty of the CM sam ples.

In concl usion, we presented the procedure for shifti ng the D B spectra of
the anni hi lati on l ine. Such a shi ft is som eti mes needed for a di rect com pari son of
di ˜erent spectra. The test of the presented algori thm on the simulated Gaussian
spectra showed tha t the algori thm is qui te e£ ci ent. Neverthel ess, duri ng the shift
we m ay lose the inf orm atio n about the distri buti on of the noise whi ch is present
in the experim ental spectra . The algori thm was appl ied to the study of the D B
spectra of the anni hi lati on l ine for CM sam ples. From thi s we could concl ude tha t
the presence of pores di d not signi Ùcantl y a˜ect the positro n anni hi lati on wi th
core electrons in the CM.

The autho r (A. P.) woul d l ike to tha nk the Com mittee for Scienti Ùc Research
(Po land) for supp orti ng thi s work under the grant No. 9 T1 2C 040 17.
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