Kodalkanal Obs. Ball (1997) 13, 225-234

v and X ray measurements during Total Solar Eclipse on October 24, 1995
at Diamond Harbour

S.N. Chintalapudi, V. Ghosh, J.B.M, Krishna, J.R. Verman, H. Prakash, G. Pal, N.R.
Mishra, M. Bera, V.R. Reddy, M.R, Ranganath
Inter University Consortium for DAE Facilities,
Calcutta Centre, 3/LB-8, Bidhan Nagar,
Calcutta 700 091, India

C.K. Majumdar

Satyendranath Bose Natlonal centre for Bagic Sciences
JD, Block, Bidhan Nagar, Calcutta 700 091, India

Abstract

The ¥ray and X-my background was meesured at Diamond Harbour located on the total
eclipse phasc path, during tho total solar eclipss (TSE) which occurred on October 24, 19935.
The data taken by two high resolution y my doteclors, a ¥ discriminator system comprising a
liquid scintillator system and a high resolution Si(Ll) x-rey delector when analysed show &
sharp dip in both ymy and X-ray integral counis over the encrgy range 150 KeV to 1300 KeV
and 1-80 KeV respectively colnciding with the TSE time. Also the Integral background
spectrum v8 eclipso time indicates from the sharp peaking in the background reduction
colnciding with exact total eclipse time, that most of this 9% to 10% reduction in both ¥ ond
X rays iz from the central portion of the Sun, This elso agrees with the oplical phases of the
Sun. The preliminery analysis and inferences of the date ere presented In this paper. Further
analysls of the data 18 in progress.
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Introduction

The surface of the earth has a contlnuoua low energy j-ray and X-ray background which
has been measured extensively and is known to bo constant except for a small varlation of 0.6
to 0.8%, diurnally and even over long periods of measurements. All the j-rey measurements
carried out In laboratories contain thie background which is invarlably subtracted for the
y spectroscopy enalysis. It has been wsll understood that this background which includes our
Sun, the nearest major star to earth, and partlally from the radloactivity of earth's own mineral
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sources like, Radon, Thorium, Potassium, etc. From among the contributors of the background
from the cosmic rays, our Sun is not known to be a particularly strong pray emitter. The
contributions of the earth's minerals to the background radiations on earth have been well
known. However, since Sun is one of the largest stars, it will have, begidea hydrogen buming,
nucleo-synthesis continuously teking place in It. One can expect, reasonably, that the different
processes of nucleo-synthesis will generate considerable yrsy and X-ray Intensities. The ¥ and
X ray intensities generated in the Sun should therefore have some contribution to the
background of the respective radlations on the earth's surface. Under normal conditions a
direct measurement of Sun's contribution to this background on earth is not poseible as the
ecasth i3 more or less a point object to the sun due to the very large distance between them. The
total solar eclipse phase path gives an excellent opportunity to measure this contribution as the
entire mass of the moon shields the earth from the sun and therefors may cause a large
absorption of these radiations, Keeping the above in view, y and x ray measurements were
carried out, using high resolution HP Ge y datectors, a BC 301 Llquid scintillator system and a
Si (Li) X-ray dotector. The results of the measurements show gharp and interesting dips of both
the y and X-ray background in terms of Integral y counts for the energy regions 150-KeV to
1350 KeV and 1000 KeV to about 8000 KeV and hard X-rays from 1-8- KeV respectively.
The results are consistent in all the detectors and compare well with other gross measurements,
In this paper we describe the objective of measuremens, method of data collection, analysis of
data and preliminary results.

Aims and objectives of the measurements

The measurements were planned with the following aims which were two fold. The
objectives of the planned analysis are multifold.

The alms of the planned measurements constitute

a) Recording the pray and X-ray background spectra with high resolution detectors
before, during and after the Total Solar Eclipss (TSE).

b) Look for any neutron bursts and record the same with a suitable dstector.

Objectives of analysls

1. Analyze the recorded spectra both during the TSB and the non-TSE periods and obtain
eny variation during eclipse time in terms of integral count as a first step.

2. Look for any atructure in the integral count plots.

3. Plot also the non-TSE background integral count data and compare the same with the
TSE beckground integral count plot.



Yand X ray measuremenis during Total Solar Eclipse on Oclober 24, 1995 at Dimaond Harboitr 227

4, Compare the data thus analysed with any other integral data, either in literature or other
measurements during the TSE, if any, from other groups in the respective areas as also the
other measurements like radio wave intensitiez or optical phases.

5. As a second step analyze Lhe integral count plots energy byts wise to ses which range
of the 7 ray integral energy count is effected during the TSE.

6. As a third step analyze the intensities of each of the photo pegks of different yraya of
each of the spectra recorded during, before and after tho solar eclipse and specially those in the
energy bytes identified as affected during the TSE,

7. Identify the nuclear species responsible for each of the above photo peaks from the
known J~decay characteristics. From the intensity variations estimate the relative donsitiea of
these nuclei in Lhe solar matter of the respective regions of the Sun during TSE and compare
thern with the normal densily distribution.

8. Pind the possible links ol this analysis to the nuclear astiophysical phenomena of
pucleo-synthesis in the solar maltter.

Experimental systems and method

Several detector systems and assoclated dats ncquisitions systems have been used for the
measuremenis and are detalled below.

Detector Systems

Four different detectors were employed for ths measnrement of different ranges of jray
energies, a combination of total neutron and %, and for X-rays, respectively, The delectors used

their efficiencies purpose and mnge of energles for which they were employed are glven in
Table L.

Table 1.

1. HP Ge ORTBC 0% 4 150 KaV - 1350 KeY

2, HP Go ORTRC 10% y 100 KeV - 8000 KoV

3. SI (L1) ORTEC 10% X 1 KoV - B0OKeV

4, BC501 A Y 100 KeV - 8000 KeY
{Liquld Scint.) all possible onergles that
Blcion can be recorded

(both for Integral conding only)
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Detector Calibration

All the detectors were calibrated for their respective energy ranges using the yray and
X-ray standards, procured from M/s ECIL. The neutron - y detector system was calibrated with
the Am-Be source borowed from the Variable Energy Cyclotron Centre, DAE, Calcutta. All
the detectors were first calibrated at the centre In Calcutta and were thoronghly tested fo1 their
performance before despatching to Diamond Harbour four days prior to TSE. All these
detectors were again re-calibrated on site located on the terrace of the sub divisional office of
the south 24 Parganas diatrict of West Bengal state. To avold power failures the Government of
West Bengal's sub divislona!l office ran diesel generator continuously from the evening of
October 23, 1995 to evening of October 24, 1995, This power was fed through voltage
stabilisers to the detectors, associated electronics, data acquisition and dete analysing systems.

The four detectors used comprised two hyper pure germanium (HPGe), high resolution,
rray detectors of 30% and 10% efficiencies, of ORTEC, USA maks, respectively for the low
and high energy ranges as shown in Table 1. The n-y deteclor comprised a Liquid Scintillator
integrel assembly of 2.5" x 2,.5" BC 501 A supplied by M/S Bieron Corporation U.S.A. whose
energy response function s same as that of the well known NE 213 lquid scitillator of M/S
Nuclear Enterprises, UK. The Si(Li) detector was & 19 mm? aperture and Si(Li). 3mm thick
with 3 mil berelium window procured from M/S ORTEC, USA.

The measured energy resolutions for the detectors were 2,1 KeV and 3.1 KeV for the
detector-1 and detector-2 respectively at 1330 KeV. The detector-3 namely the X-ray detector
had an energy resolution of 200 eV at 5.9 KeV.

Data Aquisition system and procedure:

Each of the detectors with their preamplifiers were coupled to Ortec 674 spectroscopic
eraplifiers. The outpul signals from the amplifiers of the )detectors were coupled to a 386
computer based multi-parameter multichannel pulse height analyser aystem, The X-ray
detector was coupled to an independent computer based multichannel pulse height analyser
system. Similarly the n-7 descriminator aystem omtput was coepled to another independent
computer based multichannel pulse height analyser system. The auto dump provisions of the
software were utllised for auto dumping, auto reset and auto start mode of the system for the
dumping of the data at the end of every run on the cassette recorders and flopples in the
respoctive computers, The turn around times between the dumps, ressts and starts were only a
few microseconds and thus the loss of time between these operations at any stage was
minimlzsed to a negligible level.

Data Collection

The data collection was planned for four days starting from the night of 20th October till
moming of 25th October. The systems were set up and calibrated accordingly on the 4th floor
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terrace of the SDO office of the 24 Parganas, south district office of West Bengal Government,
at Diamond Harbour. "The data collection was started in the owl shift of 20th October, 1995.
This data collection had to be stopped abraptly due to a sudden and very heavy down pour.
Although the detectors and the datn acquisition systems were covetad by Tarpaulins, risk conld
not be teken. Subsequently the data equisition electronics and the computers were shifted to the
landing on the 4th floor with detectors left on the terrece. All the detectors were placed facing
the direction of the Sun although not specifically oriented to any particular anglo.

The data collection started round the clock in shifts from the moming of 22nd Cctober and
was planned to be carrled out tlll the evening of 25th October. Erratic electiical power situation
forced abandonment of data collection on the 22nd and 25th, Thus the actual data collection
was carried out only on 23rd and till evening of 24th October except for some small spells on
the night of 22nd. ldentical schedules were adapted for recording and dumping data on
storage devices on both 23rd and solar sclipse day.

Results and Discussion

The normalised integral counte from all the four dstectors were plotted in real time as
ghown in Figures 1, 2 and 3, Following obssrvations were made from the plot of this raw data:
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Figure 11 Background spectium taken with HPGe (30%) in the energy range 150-1300 KeV.
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1. There is & prominent dip (~11%) in the intensity of y rays exactly at the TSE time.

2. The spectrom showa a structure at the onset of the eclipse whereas after the TSE the
intensity rise has a more or less smooth slope.

The raw data were then 3 point adjacent avernged, and compared with the background
spectrum on different non-TSE days. Fig. | shows the TSE and non-TSE spectrum plotted on
the same scale recoaded by detector-1. It can be seen that the general background on a non-
TSE day is constant within the standard deviation of the data, whereas, the TSE spectrum shows
a prominent dip at the tlme of TSE indicating thet the Intensity of the ¥ rays was remarkably
less during the period of TSE. The reduction in the intensity measured in the averaged
spectrum was ~ 9% which remalned constant even after doing further averaging. Further it can
be seen that the TSE backgiound merges with the general baclground in the non-TSE
spectrum before and after the eclipss period.

To confirm the exact time at which the inlensity of the ¥ rays was minimum and to assess
end eliminate the non real events, if any in the datas, the first derivetive and the second
derivative of the total, integral spectrum were plotted in real time (shown in the insets 1a and 1b
of Fig, 1) It was observed that the time at which the first derivative became zero matched
perfectly with the time at which the total integral counts was minimum, This was forther
conflrmed by noting that the second derivative was positlve at this time, It was also obseived
that et the time of the TSE the first derivative changes sharply from a large negative valuc to a
large positive value. After comparison with the optical phases of the Sun during the eclipge it
was found that this corresponds to the time at which the Sun was totally covered by the Moon.

INTENDITY VARIATION OF X- RAYS DURHIG BOLAR ECL IPSE MEASURED
URING BYL) DETECTOR IN THE ENERGY RANGE 1 - 80 KeV
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Figurse 2 | Intensity varlation of X-rays during solar eclipse measured using Si(LI) detectlor in the enorgy
rango 1-80 KaV.
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Fig. 2 shows the normalized total integral counts for X-rays plotted in real time after 3

point adjacent averaging. The time at which the dip occurs in the intensity corresponds to the
TSE time.

Fig. 3 shows the normalised total integral counts plotted for the y ray intensity measured by
BC501A assembly. The dip in this spectrum elso corrosponds to the TSE time consistent with
the HPGe and the X-may detector. No neutron peak was observed in the n, ¥ discriminator,
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Flgure 3 | Gamma ray background spoctrum taken with BC 501 A.

To understand the structure observed in the TSE spectrum al the onset of the eclipse the
yray spectrum was dlvided into four enargy bytes end the integral counts in these energy bytes
were plotted in real time, as shown in Fig. 4. Preliminary anelysls shows that the major
contribution to the dip in the total integral counts came from the ¥ rays In the energy region
600-900 KoV and 900-1300 KeV. Detalled enalysis of the energy bytes to account for the dip
quantitatively and to explain the structure is currently in progress.

After identification of the energy byles responsible for the observed dip in the y ray
intensity the intensitles of each of the photopeaks of the different y rays are being plotted In
real time to idenlify the ¥ rays contributing to the dip. The analysls of the photopeak intensities

i8 in progress.
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The identification of the y1ays contrlbuting to the dip will give an indication of the nuclear
species responsible for each these ¥ rays from the known y decay characteristics. From the
intensity variations and with the knowledge of the motion of moon across the sun during the

eclipse, the relative densities of these nuclei in the solar matter of the respective regions of the
Sun will be estimated.
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Figure 4 1 [utensity variation of gamma rays durlng solar eolipse in different onergy regions measured at
Dlamond Harbour on 24th Ociober, 1995 using HPGe (30%) dstector.

The data collected by the HPGe detector set for the energy mnge 1-8 MeV are yet to be
analysed to get the complete understanding of the obgervations.

Our observations are also consistent with the radiowave moasurerents made by the ECRA.
Chatterjee et al. (1996) have reported a similar dip In the intensity of the radiowaves as shown
in Fig. 5, The asymmetry observed in the radiowave spectrum about the TSE time shows a

sharp decrease in the intensity at the onset of the eclipse and slow rise to the normal
background after the TSE time.
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Figure 5 1 Intenaity of radio waves observed during the oclipse.
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We did not come across any measurements of the kind we have cerrled ount in literuture

survey. The results of some attempts made in India during the October 24th TSE are given in
Table 2 and compared with Jaffery et al. (1996).

Table 2,
Inatltution ¥ X-my rmy Yield X-ray yleld Remaorks
doprassion deprossion Pholon/see. / Photondsec./
cm?/ Ke¥ cm?/ KoV
TUC-DARFCC, =-11% ~-11% 1x 104 _—
DAamond IHarbour
YECC-DAR ~12% —_— —_— _— No dotailed
(Jayanagar) RKM data rocarded,
"NIMPIT Reported
obaervations
with Nal (T1)
Sukhadia  — —— 1x 10 —_— Dala recorded
Univeraity In groas with
“Pﬂlw- N‘I m)
Conclusion

Our moasurements ylelded some interesting results.

The measurements and preliminary analysis indicate solar contribution of ~9% both in
y ray and X-ray background.

The gross features comelate wilh other reported measurements in India during the eclipse
and also the phases of solar eclipse.

From the widths for low energy ¥ my and X-ray data peaks it may be possible to estimate
the surface area of Sun from which this ¥ ray and X-ray contribution emanates,

A preliminary analysis of widths of peaks Indicntes that the above emlssion Is mostly from
tentral portion of the Sun.

Further detalled analysis of over 600 spectrs are being carried out to obtain the details of
the structure and the nucleo-synthesis aspects for astro-physical nterests. The results will be
reported in due course,



234 S.N. Chintalapudi i al

Acknowledgements

The authors are thankful to Mr, M, Musib, S.D.0., Mr. A. Mukherjee, Deputy Magistrate,
SDPO and other officials of Diamond Herbour, Government of West Bengal State for giving
infra-struclural facilities during the experiment. The authors also express their grateful thanks
to Mr. W. Prichard and Mrs. Prichard for sending in detail the sequential photographs of the
optical phases of the TSE taken by them, at Diamond Harbour, from the same location of the

presently reported experiment and results, The aunthors also acknowledge the help given by
Dr. T K Das of ECRA,

References

Chatterjee T.N. e al., 1996, Indian J. of Physics 70B (3), 169.
Jaffery SN.A., Jaln R., Pandya A, and Bharti L., 1997, KOB (This issus).



