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Abstract. We present methods arrd algorithrns of plotting, moclelirrg and statistical analysis
of light сurчеs in the ехреrimепt N4ANIA, and il]rrstrate t}reir using in processing the results of
observatiorts of Nova Регsеi (GR.О J0422+32) made rvith t,lrc б rn telescope in 1992. Tlre algorithms
аrе realizer] in the language С (Linux) trsirrg tlre grzrрhiс package Libsx, \hiability of Nova Реr
wаs attalysecl. It was found tlrat tlre most сhа,г:rсtогistiс durаtiоп of flas}res is about 0.5 s arrd that
there exists iпчеrsе соrrе]аtiоп betlvi:tlrr tlre aпrplitrrcle alrtl the duratioTr of flashes.
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1. Introduction
Tlre X-ray rrova GRO J0422+32 (Nova Persci) u,,as

disc;o,n ered rrеаг the rnaxirrrurn of the flarslr iп Аu-
gust, 1992, Since that tirne quite ir пumЬеr of in-
lestigations of the ob.iect lrave Ьееп пrаrlе irrclud-
ing thosc сагriеd out iп thc: frarrtes of the ехtrlегi-
пrent N,IANIA (S}rvartsпran, 1977; S}rvartsnrarr et al.,
1997). In t}re бm te}escope observatiorrs а lrаrdц,аге-
softr,vare complex of thе experiment wlrich iпr,огро-
rаtеd а 2-сhаппе1 рhоtоrпеtег placed at the N1 focrrs
of thс telescope, а recordiTrg systerir "Quantoc:hron"
(Zhuravkov, Plokhotnichenko, 1991, Zliuravkov et al.,
1992) and special sоftwаге (Plokhotni<:irenko. 1983)
rvas used. А rapid analysis of the геsults rel,eirlcld а
vaгiability of brightness in а wide time rarrge (Beskin
et а1., 1994, 1995). Irl the present рареr we dеsсгiЬе
methods of constructitln and analysis of light (]uг\rеs

in tlre N,{ANIA experirrrent alrd thеiг application tc;

stucly of variability of GRO J0422+32.

2" Olrservational data
ln ttre observations of Nova Persei high precisioIt was
aclrieved in determining the rnoments of recorditrg
separate photons and the photometric band (В, \'-;
in which tlrey wеrе detected. Тhе high information
capacity of the o}rservational data perrrrits diffeгent
nrethods of analysis to Ье used in the processing:
search for stochastic variability, iп the time rarrge
10-6s to 100s, search fоr and investigation of реri-
odic vaгiability of radiation, as well as comprehensive
study of light curves.

3. Plotting of light сurчеs

Strrd1, of ligirt сurчеs is tlre пrоst adeqrrate пrethod of
investiga,tion of the firre timc: struсturе of radiation
of variabie olliects witlr а mоdеrаtе time resolution
(1ms 100ms). Tlre original clata for the рrосе<lrrrе
of plotting light curves ате the mornerrts of detected
photorr аrriчаl in trvo соlоur barrds. А photocount at
tlre photometer output corresponds to eaclr detected
p}roton. А sample of moments аrе superimposed on а
homogerreous scale of time windows and the amount
of photocounts ly't falling within the wirrdows is de-
tr.rп rinetl.

The rninimuпr size of the wiridow is defined Ьу
the irrtensity of the quantum flux, То achieve an ас-
сurасу of 20% irr the rпеаsurеmепt, it is песеssаrу to
lrave rrot less than about 25 quanta in the windorv.
Tlre flux of ptrotocounts frоm the star Nora Persei is

- 3000 phcts/s in the channel V and - 2000 phcts/s
in В, which enables the light сurчеs to Ье plotted with
а resolrrtion of 10ms.

Iir the process of observations, when the informa-
tion is stored оп magnetic disks the acquisition of
rreч, data is stopped. When searching for stochastic
variability at shогt times (<1ms), these discontinu-
ities сап Ье neglected. Ноwечеr, the analysis of the
light сurчеs at lопgеr tiпres requires the gaps to Ье
rесопstruсtеd.

One of the aims of the рrоgrаmmе was filling the
gaps Ьу moclel]ed fluxes of photocorrnts whose mеап
irrtensities соrrеsропd to interpolated values deter-
пriпеd from the геgiопs of the rеаl light curve which
аrе adjacent to the gaps. Proceeding frоm the as-
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Figuге |: Д li,ght r:ur,че роrt,iоп ui,th filled iпtеrчаls.

- .::lption tlrat the sеriеs of time moments of quarr-
-.:r гесогdiпg аrе the геаlizаtiоп of tlre Poissoniarr
. l,css with variable intensity, the model series rчzLs

]_stгucted with the aid of the generatclr of ratrdoпr
.::lЬеrs, as the Poissonian опе. T}ris assuпiptiotr was

-.atediy tested in the cclurse of the MANIA ехреr-
.lit. it was ascertairred to Ье truе with а higii ati
..c:r, provided t}rat the light recordirrg equiplnent
-.:-с well (Plokhotnicherrko, 1993).

=, \Iodeling of Poissonian fluxes
, ,1s examirre the mathematical aspect of gепеrаt-

_ а rrrodel Poissonian flux (Koks, Lewis, 1969). It is
.:actcristic fоr this flux that tlie probability <lf ар-
-.:,апсе of an event in а smail time iпtеrчаi (t,t + h)
-._iiependent of tlre presense of апу previous event,
- :t depends only оп the interrsity of t}re flux of
:_:s ) and the length of t_he iпtегчаl h:

P{l/r,r+д * 1} : ,\h + o(h), at lr, _+ 0.

, ::. this it follows that the eyents аrе distгibuted
r,пilу in the probability interval (0,1). Tlie fоr-

",,. of the distrillutiorr of intervals Ьеtъ,сеп the
.:s iri the Poissorrian flux is as fclllows:

Р {, > _\li = р- ^А/.

, - is the interval between the mоmепt of the Ье-
, .._]ig of count and the арреаrапсе of the first event,

-' .. tlre tiпie iпtегчаl in whiclr rrot а single evetrt ос-
- Tlrus the length of the tirne interval Lletween t}re, ]1t momепt (thc рrеr,iоus ечспt mау Lle chosen

as the currerrt nloпierrt) and the next event is dеtс:г-
trrincd bт the l1ttaIrlitr,

Al: -l"P.
^\\'е derive tlie рrоЬа,Ьilitч Р of the rrext event frorn

tlie gеrlеrаtоr of rand<lrrr пttпrllегs, while the value of )
is corrrputetl as the expected сluапtuпr flux intensity
Ьу rneans оf irrteгpolatirrg the interrsity in the gap
frоm tlro adjacent геgiоlts оf the light сurче. Next, Ьу
cornputing the accurrrulated sums of the irrtervals

tj:tj_l+Alj,
we constrlict а tirne series of mcldel events simiiаr to
the rеа1 опt: attc1 ц,оrk rvitlr it according to the gelreral
sclii:me.

5. Check of the quality of modeling
то ascertaitr the fit of the rnodel anc] real flrtxes
of quanta, \\re соIIIраrе the sirnrple variaTrces of the
mot]el flux (a,ncl alscl t}re геаl fluxes frorn tlre соlпраr-
isclri stаr arrd tlre object) rvith the theoretical чагiапсе
оf the Poissoniart process of constant intelrsity, w}rich
is kntlwtr to Ье eclual to tlre ачеrаgе пuпrЬеr of events
(Gerasimovich, N,{atveela, 1978).

Tlre sets of data fr<lтп the соmраrisоп star as а
sоurсс, which radiation is obviously devclid of intrin-
sic variability, шпlst Ье Poissonian to а high ассurасу.
This is rv}ry the satnple rагiапсеs of t}re model fluх
constructcd Ьу the data {ronr the ccrmparisori star and
of tlre rеа] flux пrrtst Ье closcl to t}re Poissorrian чагi-
ап(:е.
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Table 1: Sатпрlе uаr,i,апсеs deriued frоm the соmраr,isоп stаr data (S) апd Jrоm the object (О) Noua Persei,
шi,th а шiпdош of 0.01 s

735 52 ,026
S 02 49,824 52.647 51.764 52,063 1.057
S 03 52.855 55.047 55.235 55.184 1.041

S 0.1 52,353 54.7\4 56.195 55,877 1.045

1.059
1.039
1.045
1.073

1.045
1.045
1.044
1.067

() 02 55,260 79,432 76,401 78.053 1.437

о 03 54.269 76,367 77.492 77.115 1,407
о 04 54.988 76.535 74.762 75.394 i.392
о 05 56.354 74.920 74.370 74.677 1.329
о 06 56.255 81.076 78.082 80.290 I.44l
о 07 54.898 86.216 82.398 81.837 1.570
о 08 53.810 69.608 68.890 69.682 |.294
о 09 53.804 69.37в 68.023 68.713 1.289
о 10 59.638 88.385 88.409 87.775 1.482
о 11 55.572 77.550 73.551 77.062 1.395
о |2 52.846 72.|76 71.259 72.022 1.366

1.383
1.428
1.360
1.320
1.388
1.501
1.280
t.264
1.482
1.324
1.348

|.41,2
|.421
1.371
1.325
|.427
1.545
1.295
|.277
|.472
1.387
1.363

Notes:
1УО is the ordina] пumЬеr of the sarnple;
< ttr" > is ttre averaged nurnber of photons in the window;
D, is the sample чаriапсе of the rеаl light curve;
1)- is thе sample variarrce of the model light crrrve;
D"l,n is the rrrixcd чагiапсс:
F(vn,v-) is tlre ratio of the saпrple r,агiапr:е of the rеаI fluх to the Poissonian variance;
F(r,r,,и-) is the ratio of the model flirx чаriапсе to the Poissonian;
F(r,+,,,и-) is tlre ratio of t}re rnixecl variarrce to the Poissonian.

If the object uпdег study is physically чагiаЫе at
iiпres of milliseconds to tens of seconds, thе sаmрlе
r,аriапсе must then Ье greater than the poissortiart

orre with equal тпеап intensities, and the filling of the
gaps of the object light сurче with the Poissonian
noise must rеsult in а certain drор of чаriапсе.

As the null hypothesis assume о2 = оi. Неге оо2 is

the theoretical (Poissonian) чагiапсе, о2 is the saпrpie
чаriапсе (one of the above indicated). T}re сritеriоп is

based оп the statistics у : (п - 1,)S2 lo], whеrе п is
qrrantity of elements in the sample, ,S2 is the sample
vaTiance. Tlre criticai region of rejecting the hypoth-
еsis at the given level of significance а is у 1 у2о,r,

(rп : п - 1). With а lаrgе m 12 dist.ibution Ьесоmеs
rtormal, The соrгеsропdiпg quantile of the standard-
ized погmаl distributiorr is determined Ьу the fоrпrulа
(Коrп, Коrп, 1974):

i[t,,l*_ t+zlg",
2l9m

In оur саýе m > 5000. Frоrп the qtrantile Uo72 thе
соrrеsропdiпg probability is found; thus, the hypoth-
esis, that the sanrple examined belongs to the same
gепеrаl aggregation the Poissonian fluх with constant

intensity does, is checked.

ТаЫе 1 presents the sаmрlе чаriапсеs obtained
frоm rеаl, model and mixed light curves as well а-.

thеir ratio to the Poissonian чаriапсе, Arralysis has

shown that in the соmраriýоп star samples а slight
variability is detected reaclring 2.6о irr the 2nd sаm-
ple. This suggests that the hypothesis that the чаri-
ances coincide сап Ье rejected at а significance level of
0.5%. This varia}эility is probably due to аtmоsрhеriс
instability.

In the samples accumulated frоm the object а

muсh stronger variability (пriпimum - 12о, maxi-
mum - 25.3о) is revealed. This variability canno:
Ье explained Ьу atmospheric instability alone. It car-

Ье seen that the filiing of the gaps, as was to Ье ех-

pected, reduced the variance of mixed fluxes, whicl-
suggests that the flash flux was "thinned" with thс

model one. Fгопr this it сап Ье inferred that, as а

whole, the model Poissonian fluxes that filI the gap.
and the corresporrding rеа1 fluxes аrе statistically in-

distinguishable.

Uo/Z:
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Flаsh Рагаmеtегs

frlаsh 1епgth

:.quге 2: То determinatiorl of fl,ash раrапtеtеrs. Неге Ь-о, is deuiatiort, clf the llash rп,аr,imu,m frоm the mеап,
,,eI, R,F. ,is risi,пg lrопt du,r,ation, fl,аsh length i,s fu,ll, lertgth of the Jlash.
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:,. Detection of flashes and determina-
tion of thеir раrаmеtеrs

_ ._е clevelopment of algorithnrs of autoпiatic detec-
, ll of flashes, determinatiorr of their раrаlпеtеrs and
.,,estigation of statistical рrореrtiоs wеrе thtэ rrext

., ,Ees after the plotting of the light curve and fiiling
-: ]aPS.

\\:ith this end in view, two smootlred cur\res
irt;) )д and < 1(tt) >к аrе plotted orr the basis

, :he light curve witlr the filled gaps 1(t;) rrsing t}ie

:irrg average method with а rectatrgular u,inclow:

1 'iY2 | iTIi /2

. /;1 2о: 1 

' 

lг;. < I(fi) 
'n: о 

' 

rj.
' j:i*k/2 j:i_K/2

:-] jrj is the пumЬеr of counts in tlre wintlow of
, сuгче. Тhе fоrmеr сurче is plotted with а small
. ,,lthing window, Аrп : ,tД7, the size of w}rich
:. Ье varied. The size of the smoothing window of
, latter сurче Д7д, : КА7 is aTr оrdеr of rnag-
- lde larger. Tliis сurче "senses" but sliglrtly the
,.iles, and only tlrose which duration is соmраrа-
-. lvith the length of its smoothirrg window. As k
:-:nisires, the first сurче Inore and mоrе faithfully
:es the initial сurче. The sпrаllеr &,, and lrence К,
s}rorter flashes сап Ье detected. The diffeгerrce in

. . between the fоrmеr and the latter curves sug-
. -:: that а flash mау possibly Ье present in tlre ех-

.:led region of the light crrrve.
\\Ъ say а flash is detected if

< I(r,,) )* - ( 1(r;) >к

,/Si + S'fu - 2соч < 1(r1) >ь< I(tl) >к

< 1(rl) )ь * ( 1(rt) >к

Неrе S| is the variance of the quantity < 1(r,;) > n, Sk
is tlre чаriапсе of t}re quantity < /(t;) )6, the sum-
mапсl 2соu ( 1(tl) >ь< 1(it) >к арреаrs because
< 1(t,) )t апс1 < /(rz) )6 аrе not mutually indepen-
clent. The Trrolnents of the second оrdеr of the distri-
}lrttion trf thc: quantities ( I(ri) >п aTrd < 1(tl) >к
}rave thc forrn (Когrr, Коrп, 1974):

Si = S'lk, S2K : s'' lK: o(Si)

atrcl

соъ < I(t) >l< 1(l;) >к: kS2lkK = 52lK: о(Sд2),

w}rerc ,S2 is tlre saTnple tагiапсе of the data frоm the
corrrparison stаr.

The avc:rage intensities of the object and the соm-

раrisоп star аге аssurпеd to coirrcide. Thus the quan-
tity d пrау serve as the irrdicator of variability. The
duratiorr of the flash is determine<l as the separation
rlf two pclints of intersectiorr of the сurчеs considered
between ш,hiсh Д,,о. lies, such t}iat б ) 3. In the
absence of variabiiity this condition соrrеsропds to а
probabilitv of арреаrапсе of а flash less than 1 %. The
duration of the rising frопt of the flash is determined
as the differerrce of the flash mахimum and its onset
(Fig.2).

Fоr corrr.enience of phvsical interpretation of the
results, thcэ arnplitude А1 of the flaslr is corrverted to
stellar rnagnitudes Ьу the fогrпulа

Дm : ,.,rn 1-o, - Ibg
""'Ь( 

'r_ 
lbo

Неrе 1-о, -< I > *Д1 is the intensity of radia-
tion in the flash, 16о is the irrtensity of background
radiation, < / > is the average irrtensity.

As а result of analysis, diagrams "atnpiitude-
flash drrration" and "amplitude-rising front durа-
tion" and also histograms of the distribution of flashes

А-о" t ._ 2,\-

/si -JPu
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оп thеiг durations and rising frопt durаtiопs аге con-

structed. They allow iпtеrrеIаtiоп of рагаmеtеrs of

physical рhепоmепа оссuгriпg iп the stаг to Ье estatl-

lishec1 in а Summary statistical fоrm. 'f}rе diagrarns

апс1 histograms аrе сопstruсtеd with subtraction of

the clistrlbution of flashes obtairred frоm the соmраr-
ison star. It шау Ье assumed that excess of the пuпr-

}эег of flashes iп the object очеr the пumьег of flashes

in the соmраrisоп stаr, all оthег things being еquаi,

is catlsed Ьу physical ргосеSSеs in the object in ques-

tion" |,Iot пеаrIу ечегу flash observed iп the object
mау Ье rеаI. Соrппrоп раrаmеtеrs of flashes observed

with miпоr excess очег the statistica} background сап

1эе investigated oniy frоm thеir collection.
In the diagrams displayed in Fig. 3 ап iпчеrsе ге-

lationship of the amplitude of flashes to their'Iength
and to the length of the rising frопt can Ье seen. оп
the whole, the diagrams аrе similar, which suggests

soпre sуmmеtг1, о1 lurП"r.
When examining the histograms iп Fig.4, опе сап

notice that flashes of 0.5s in duration аге the most

typical. The fоrm of the histograms points to the fact

that sуmпrеtriс flashes рrеdоmiпаtе.

7. Conclusion
о The examples of rеduсtiоп of оЬsеrчаtiопаi da-

ta preserlted in the рарег show that the соmрIех of

рIоgгаmmеs considered allows the data to Ье gепег-

alized and gепеrаI rules which cannot Ье dlsplayed Ь1,

Figure 4: Histograms of d,i,stributiclп of Noua Реrsеi flashes ассоriltпg to their full d,urаtiоп апd to the ris,iпg

frапt durаt,iоп.
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а separate light сurче to Ье revealed.
о The algorithm of filling the gaps Ьу model

Poissonian fluxes remains сurrепtlу applicable since
the рrоЬlеш of discontinuity in the acquisition of оЬ-
servational data hаs поt been resolved yet. The light
сurчеs derived Ьу the methods described above сап
{urthеr Ье subjected to spectral analysis, which рrе-
sented а рrоЬlеrп before tlrey wеrе created,

. Despite the fact that the рrоgrаmmе was de-
t-eloped specially fог reduction of data оп Nova Реrsеi,
it calr Ье used in studying оthеr objects, such аs flаrе
Stars.
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