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Hadio pulses fren extensive air showers {EAS) have been observed with 2 4 w 4 ArTay
of di darized E-W st & center frequency of 2295 MHz snd an efective bandwidth of
4 MHz. Ohservations were made simultancously with antenna beams centered 30° N snd 500
§ of the zenith, The magnetic -:HE angle being 72°, the narth beam faced across the gromag-

nerbie feld lines whitse the south heam far

along the fiedd Uoes, In 600 hours of cheerva-

tiom, 1100 showers were mecorded. Two Lm? plastic scintilators Pleced 30 m apart, in
cvizidence, triggered the eathade.ray-oscillograph recarding systemn,

Traces wers scamned for | ps an either side of the expected Incation of the radio signals,
Background Jevels were determined by scanning an interval of 075 wg 35 ae ofter the
beginning of the trace. Pulses were recorded on both antesma beams. Those on the marth.
polnting anteuna were, on the average, twice as ]Mrﬁ a5 those om the south-pointing one.

The msults suggest that while charge separation in

earth’s Beld is more important than

chiarge excess in genemiing showers, It is noe domimant,

INTRODUCTION

Fadio pulses from EAS have heen detected
since 1965 by various groups Allan and Jones
14966, Barker ef al 1987 Borshkovskli e al,
1966; Jelley of al. 1966, Porter et al. 1963, Ver-
nov et al, 19677, the aims being to confirm the
discovery, to elucidate the mec%a:uim of emis-
siom, and o assess the praspects fine r]i!!ﬁ"‘l::ing
high-energy primary cosmic rays by radio
methods,

The existence of radio pulses from EAS has
been [ully confirmed, but the understanding
of their nature is shill somewhat speculative.
The suggestion by Askar'yvan ({1962, 1965)
that a lﬁ!taﬂah[ﬁ radio pulse should be emit-
ted by an EAS was hased on the nssumption
that a negative ::harge excess, present in the
shower front, would generate coherent emis-
sion in the metric wavelength region, Subse-
quently, Kahn and Lerche {1966) showed the
impertance of the geomagnetic deflection of
the shower icles, They estimated, in a
rather simpliied shower model. that the trans-

effect one order of magnitude sreater than
the coherent Cerenkov radiation d%:e to charge
excess, Both mechanisms predict a spectrum
that rises with frequency. At frequencies of
the order of 100 MHz, the coherense con-
dition is lost since the wavelength becomes
comparable with the thickness of the shower
front. Since the signalto-noise rato also
improves with increasing frequency, becanse
of decreasing  galactic noise, the early
measurements were mede i the 40-80
MHz frequency band, More recently, wnpub-
lished waork by hoth Colgate (1965) and
Allan {1967 ) has supgested that the radio sig-
nals should be stronger at frequencies in the
MHz range than at tens of MHz In beth
vases deflections in the earth’s magnetie field
play an essential role.

The present experiments were undertaken
to explore the feasibility of measurements at
lower frequencies and to give some indivation
of the relative importance of the production
mechanisms involvine thie sarth’e o msato
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An array of § plastic scintillatars detecting Bir
Showers of average size 10%particles has been ape
rating in coincidence with g anterma arrays.

The lateral distribution of radio pulses From Ex
tensfve Afr Showers (EARS) has been obtained at 45,
65 amd 170 MHz. At 411 freguencies the lateral df
stribution steepens quite rapidly with incresasing
distance from the shower core and more so0 &t high
er frequencies. A large spread of the experimental
points seems to indicate Fluctuations im the height
of shower maximun.f Frequency spectrum kas been
cbtaimed from the data.for showers with core distan
ces 75« B« 105n it presents a maximum at &5 MHz,
At smaTler dictances it seems Bo increase.

1. INTROMICTION, S3ince the day of thefir discovery {(Jelley et al.1968)
a lot of experimental and theoretical work has besn done on radic pulses
from EAS (Allan 19712} mainly to urderstamd the radiation mechanfsm in
order to use radie methads to study the properties of primary cosmic ra
diation at wery high emergies At the 12th Coswic Ray conferemce at Hobart
serious attempts to give quantitative information about the electric Tields
produced have appeared.The picture that emerges is that the lateral distri
bution curves af the rudhtfﬂn may convey valuable fnfarmation about the
longitudinal developnent of a shower.

While measurements at wery Tow freguencies [a few MHz or lessjgive
controwversial resul ts measurements from a2 few tens of MHz up to some
hundred MHz seens to be fairly consistent amd reliable,although the beha
viour of the radio emission for a given shower 95 not yet fully kmown.
Thearetical predictions which correlate radic emissfan to shower parane
ters must be substantiated by experimental evidence before definite comclu
sions might be drawn on the behaviour of shower develepment .and from these
some Andicatians about the nature of primarvy Cosmic Raws.

The aim of the present work 95 to add experimental information to the
"::gtliur" distribution curves ard Frequancy dependence of the enitted
radiation.

2. EVFERIMENTAL SET UP:THE "MEQICIMA®SHOWER ARRAY. The site where the ex
Eﬂunt was performed 1t located near the towme of Medicima ([ 30Km Sast of
logma,0 m above ses Tevel) This site has been chosem mainly for beimg radic
interference free. CAS are detected by £ plastic scintillators 1 m® of area
gach.Figure 1. shoxs the layout of the array whose physical area s 7 10w
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Summary. The paper deseribes a seanch for promp
microwave emissions from supernovee In the cemral
megian of the Perses cluster of palinies, using a
aincidence techmique involving five imcking radic-
meters lomated af widely spaced sites. Mo coincidenies
were found between Japmary and December, 1973,

aml na supermavas wers meported during (he perisd
froim the aptical sarveys, in that regios of sky.

Ky wands: gispernovie — perssus cluster af gilaries —
radi pukics

1, Tntreduction

An experiment designed v search for prompt microwmye
brursts from sapermovae (SN} in the Coma clusser of
palaxies bas already been described elsewhers (Jelley
e al, 1974, subsequently referrad wo as Paper I We
present here the results from extended cbeervations
#1 five widely separated sites, on the central region of
ke Perseus cluster of galawies, along with 2 mlibration
carriod ot on Solar flares.

Colpte and Moerdlinger (1971) prodicted, from the
origingl shock-wave model of supernovas (Colgate
aml Whate, 1966), (hat prampt barsts of radio emissicn
wianlh] B expectad from supernoes explosions, LeBlan:
il Wikiim (190) sheve, o dalferent miadid of stellsr
callapse, that large amounls of énengy in various
st fny b released i periods ~010-34 I &
il however e n this model thit 1Be ensrgy can
escape through the ouser layers of the star. Our
sensitivity & snch that we could have deterted & pubse
having an energy over the entire microwave spectnem
itaken arbitrarily to be 3-30GHz) of 88« 007 of
an assumed total prompt energy release moa 8K of
~ 10" erg, if this were at the distance of the Perseus
cluster. This figure & deduced om the assemption of a

flat specirum.

Recenily, isckied, miense amd short bursts of X- and
iy emaion have heen ducovered (Kleeudd o al,
1973 The origin of thess pules have not vet heen
identified thowugh on some models it bas been seggesed
that these may aris from supernovae,

Simce supernowme ane rare, it is important to elminae
any sporious events withom significanily increasing
the energy threshold of the system This was achieved
by using a coincidence teckmique, and in this experiment
five widely spaced sintions were used.

The general arguments for using microwave frequencies
s apposed fo0 WHF have been outlined already in
Paper I, but may be summarised & Bllows: (1) 1
absorpiion and dispersion in 2 plisma af microwave
frsquencies & considerably e tham at VHFE. (20 b
imlerference from the Sun s megligible and sources
of min-msde infefeneoe &ne &l much less severe;
Farihermons, several searches for salitad radio pulses
Baave alrendy Been carrial aut in the VHF &nd UHE
hands fe.g. Smith, 1950; Charsuas @ al, (930; Colgate
et al, 1972 Haposnin and Moare, 1974).

The intrinsheally ko pate of aocurmence of supernove
from individual paleviss mecessiinbed chocsing large
clusters for the purpose of these sxperiments.
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Abstragt, Kadio systemes with all sy vigwing anterras af 151 MHe were operating at § widche spacel
laticng aver the peerased 19701973, daring which 19 Vela v-ray horaes wene Seteciad, The retords wens
asalysed lor sach Velz ime bui no radio colpcsdfences were recorded. A& pew experiment in ihe radio
band operading ad 0 MHz with similar cbgoctives is now under consiruction and will ko described.

Five egdiometers ab 10 OHE hive been tracking the Perseus clustir ol malaxies For gver ong year,
The supernova repofved on 1 March in Perseus soourmed during o cBserving time But Teilsd o give
evidence fromn prompt omission nexcess do €< 107 erg om ™ event ™', Tor event duracions 0. 3-100 5.

Since early 1570 an alonost contimueous series of caperiments have been carried out 1o
search for sangle izolated pulses of radio emission from variows astronomical ohjects
(Table T). The basic rmdie system, at each of the sites involved in the experiment,
consisted of & 131 MHz inerferometer with cliler singhe dipoles Tor allsky wiewing
ar multi-element ladder arrays for directional studies and have been discossed olse-
where (ref, in Table I, In addition to this basic system, severnl stations operabed
interferomebers at other frequencies, also For extended periods, The authenticity of a
pulse was tested by searching for a similar coincident pulse in the records of the other
sintions and, in the original experiments, by studying only night-tine: data in order to
tienit the effect ol solar emissions. The mtegration rme constants were Eypically of the
arder of 1 5 and the coincidence resplving time between stations was of the order of

* Pager prasenied a1 che ODSPAR Symposien on Fast TransEnis e X- snd Gemma-Roys, held at
Yarna. Bulgaria, 39-31 May, 1975

Antraphymicr aod Space Scieoce d2 (19T6) 68-TE, AN Riphiy Rerarved
Cappripks D 1978 by D Rl Pubdtshiny Compasr, Sordrrehi-Hadllond
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Abatract. Hetween 1972 and [975 an intermations] éollaboraties semrch was sarried gl far prompl
10 GiH: essicion arn the casel of superdoves. The molivilions and rechabfoess inwalved in this
affort are described, and ihe results of the shree vears' work are summarized. Mo palses Trom
supernowss were detested, the best upper limit being 4 = 1077 ergs in 2 40 MHz band at 10 GHz
Tor & pulie tme-scale £0.3 5 Melthads e mpraving 1has limit &g Beiefly deseribed.

1. Intresduction

The discovery of pulsars started a new chapter of experimental astrophysics which,
recently, has béen mamed “short-time comstant astroplyvsics”, This pew fleld includes
a vareely of phenomena such as bursters (mostly in the X- and gamma-ray energy
rangel, the unexplained gamma-ray bursts, and in general all those fast transsent
phienomena (FTP) which take place during astrophysical events in times which are
short compared fo the time of observation {Bondi, 1970; Cavallp, 19730

Supernova (SM) explosions are of considerable asirophysical inferest for many
reasons. To begin with they are among the mest violent phesemena in natore. Up 1o
14 erg can be released in explosions which, optically, last some 'Il]'“:; the luminosity
of a 5N being some 10° Lo, e of briphtness comparable to the Galaay in which it
flakes place. It has been well known For many years that while the time-scale of stellar
collapse involving stellar envelopes may lasi from minutes to kours or days, core
collapse can be of the order of a few sceonds and as shor as millissconds for densities
ranging fram white dwarl to newtron star densities. The physical processes invalved
in such phenomenn are ohvicusly of great importares in understanding the lnte singes

Asrropkysicy andd Spoare Scienee 54 (1978} 155-362. AN Rophir Reurond
Cappright © 1978 by D, Reidel Publisking Company, Durdreshl-Hetlasd
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FIGURE 3. Left panel: examples of radio, optical, and X-ray afterglows displaying long-lived flux power-law decays. The radio flux of GRB
afterglow 030329 is affected by scintillation, which quenches after few tens of days. The optical light-curve of GRB afterglow 970508 displayed
an unusual, late rise at 1-2 days. Right panel: evolution of the radio-to-optical spectrum of GRB afterglows 030329, showing its gradual softening
(decreasing peak energy) and dimming (decrease of peak flux). Color coding used indicates earlier times with bluer colors and later times with
redder colors.
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Very Important
result and may
have forced early
publication of Vela
GRBs
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OHEERVATION OF A CELESTIAL HARD X-EAY BURST
v OOINCIDENCE WITH A GAMMA-EAY BURST
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AESTRACT

e ad tha calsasinl -y ersbs poceeely dhwovvimnd by dhe Fie s el Bben bia bt aberved B thie 27-1B0 ke cergy
maege by o dienctienn] oy debeibor aboard 0506, on P8 Ooisber 7. The evoan bas an mverainy of aboay 19
ergn cin~d o e 50300 ke shergy mnge 10 weeias 1o dlacd cacler bin machss i macinm In oppespandence
b e e il i locabed at Bigh narhem galsctc Mnitaide. The ) » poalibanad erear bew 8, in fact, ceaieed s
w= 8= § o=+, Ponafhle st ahapes an ibio deones],

S bvadingr: pamma rapn — K-nys
1. THTRHTION
The recemtly discovered cosmic pray hunsls wing
flest oheerved by messs of omnidirertional detectoes
aboard the Vefo 54, 28, 84, 6F miellites (Kletemad e,
Strong, amnd Dlsom 19731, From ke peedtiors of the
;Eamm aed arrival tmes of the bursts thels posside
drections were Bmited either 1o a cone or bo the intes-
wizz Lien of Rerconiz in the beet casiz. OF the Vaa evnta,

sy hve by ebacratloss fram IMP-O
(T ef 5. 1973}, aned dhear ra have been messared
Eelween 100 ard 1200 kel ul'lhqqhq.:lnlm

measured down o 7 ke by the UCSD experiment on
0507 and located in & 47 radins 0 percent ermor circle

‘healon & ol. 1973, W nport hire on the oleerva-
toen of & henl Xermy bust colncldent with ane Fefa
Event,

IL DAEIRVATIONS

[atn for thi= messurement were awnilable foom ke
Eangra whseel exprimint aboard gthe Q508 wisllite
in the 37-15% kel energy range.

Instrumenital characien=tics and dein asalysis have
een diescribid elsewhimy (Brini o al. 1971 Brini & al,
1973), The detector §5 a 5 em® NaliTl) scintilleioe,
collimater] do- 8 18" X 23° FWHM directional response,
The nirmwer -|'|||||rr|d|;|n of the :rtpﬂlr i on ke
whesd scan pline (azinmoikal

& list of 19 Fals evenis 'mI!:| 'h-:lrlrrrimuhrmﬂm
made gvallable 5 w by Dr. 1 B Stresg {1973).
Thirtesn of them, including one of solar origin, oourred
during thi mm":rml lifie o (016,

Cireaponc| nf toeach of Uhe quatad tme, dati have

bieen. seanchied over a of & few minudes, O b
wia [ound sl aboit T3 UT, 1959 Oclobir 7, when mo
repoted salar eethvity wis ln urd Elu

vlrrlil: waz gway from the regions of charged: parudr
nierlerence, Tis inn ¥ the: gzn it was
w8 from the é:f ::ﬂf-‘{l“ I'mmﬁ: orizan.
The {emperal profile of count raies from 4% io 189 ket

L%

in & 20 aslsusthal sectoe, in fopure 1, ostline o evend
lasting well over 1 mimate, starting earlier bat coc-

ing with the time of 1% Fele pray busst
{ 317 it the pake of |II|:H:I.IJI:.:|'. Eark drﬂrﬂl.a:lim
B on average over 15565 2| 1 ing to
=172 & ohssrvation Ilmﬁiﬂf m albir
7.5 satellive rotations; 24 & are lost in discharging the
COUAET Tegisters.

& background has Besn sslimaginl By av the
coaml rale b= a 407 azimuche] secior on the
peak position, immediately before and after the ap-
pesrance of the burst, bor 2 letal ol 2 iilnites of ©

Thi exeess coont entes i the four energy chaseels are
alza plotted in figure 1, for the time interval of maximum
hlrﬂrw;{mﬂlh . Bl lilx of e dlila
for three adopied specte oardE, namely, £
enp — E/ B, B expl —E/ wern computed oo Ehe
three highsl smangy annids anly. Thi St chsnnel,
which msrmally hs & higher instrumental background,

wis saburaied,
Rasic] on the v godialsess ol L, 4 power-Euow EperiEUm
apipeears to be sli © MEAE m.l.u.?t- in three time in-

blrl-'-!ll- [z imhle 1} No corrections for secordary

ellecta have, hiwses., 'hﬂh.
‘Ll.u.1u11.||:-:-uiturm'ﬂ1.pi.|.l m'cr ik brurst durstion

pives absgut 1Y erpe e baidween 30 and 200 eV,

While all the IMP- spicims afre: with an exponential
shape ahove 100 keV, the only other spectum known
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ABETRACT
The dxla of the Balagra hard K-may experirani aboard the D504 sasellibe have bean marched far svenis in conci-
fiencs with dhe 14 cranic s-ray bunts reperted by Serom g, Klebeasded, and (o which eeeurred dusieg the (205
lidwitrae (1WA Sngear o 1977 Jaruary), Thees events have been detected, The fest ane 108.0) was dsousied Inoa
preeliark papes W repa it ere b the othet a0 st (7140 aad T1-3) aid give e ifarmation (hal eoald be dodmiad
Ao drak dala sbenit i rirakinieg 11 1o evemls which wirk nal dilectind. For somé of Ehass pvinls 3 ban been poasi-

e to amclude ane of the Fda positinas.

Sakyecl keddingr: pumma-ny bursts — X-rvn — X-ray sounom

L INTROOCOCTEDN

The duta deom the Balogra hand Xoray experiment
[27=189 keV) Bown abonrd the D500 satellite have
hesen séarched lor Xoray bursgs in coincidence with the
vty burits observed by the als datellites, whose
datalog his recently been publihed | Ssrong, Eebeandel.
and (Hean 19740,

The hard X-ray deteclor wis 4 5 em® Nal(TL!
scintillator, collimated ta 18° ¥ 23 FWHM directional

sz and with four enecgy chanmels (37-49-75-
T118-169 ke¥V). Insinamental and satellite characteris-
tics as well ax data analysis proceduores have been de-
:jl-:g::lg-]ed im detail el==whare (Erini o of, 1971; Drini & &,

The QE0-6 lasted from 196% August to 1972 Janaary.
Im this IEt-l'l.l:ni 15 yray bursis were detecied by the
Vela satellices as reported by Strong ef of. (1974). Event
101 of solar origin was chearly seen in our detector, bat
it iz comivied here. For events 71 amd V2.1 no data are
availeble.

The resulis for event 60.2 have been discussed in &
previons Leler [Palumbo, Pizachind, and Vespignani
1974). We report here an the remainizg 11 events, twn
of which, T1-6 end 71-5, were denecyed,

L OREEEYATEONS AN REEULTR

I Nable 1 we have susimarized the -ray burats seen
by Vela lnp which U0 data exist and, for ioimparizon,
the irdormation &0 Tar collected, to our Enowdedge, by
varinus ofservers, The évent order i= kept as given by
Strong of @l (1974} in their catalog.

Ciur gpparatus was located an the mteting wheel of
thi: sktellite s that {1 scanned a sirip of sky with a 2.

exie, I1 a source Ty in that strip &nd the Burst wis
encigh, we coubl see a directional peak, hence not

oely dutect (b buarat bug determine the seupee katation,
']fl;ll'l_i:_liu what happesed for event 082 | Palumba & gl

74l

Oin the other Baml, sifce the radite wis @ dirget-
ic, some of it, however absorbed and degraded, could
Leak theough che shiedd and tha saelline mazerial, The
sansitivity dus to this indirect mechanim was af

L1

coarse, lower bor sull allowed deecthon of the mesr
Impenes evems, The otk tw bursie, e, 71-6amd 71-3,
were |s fa0 s a5 a penaral imcreass in the ceanting
rate, independent of direction, Their obsereid dura-
Elong =8 5 and ~12 g, respestively, are B agneeiiant
with NREL (05000 data, Snde we detestnl the geconid-
ary prodyets o mose enesgeli photons interacting with
ghe shighding marerial ssrmunding the deticiorn, 1his
daration should refer 1o esergivs highes than ours,

At pur energies, event 60-2 appeans o be much
lofiger than the sorresponding Vel event and exhibits,
in fact, a precunsr, in agreement with what has baen
reparted by Kame, Mahoney, and Arderson {1974} and
Ekare, Meekins, and Kreplin (19741 a1 about ke same
energies. This different behavior is reflected in the
messured =pecira (figs. 26 and Ic] which war ko he
much fatter than the ome olbstained for 822, where the
primary radistion was ohserved [(fig. 2d). Event 716
was detected at ~7o (fig. da]. No Vo positions or
come are gvailable, amd the only excluded regions are the
Earth's zome and the sky strip scanned by the detector
[Eg. 1c]. Event 71-3 Cfigs. 14 amd Ja) was devected by
coar mstrument at =~ 8 [T the zoance were im the fisld of
view (Fola position {17 = JA3°, 81 = —=I11"), a peak as
jor event 642 should have been obaerved, But smece the
increase in counting rate is independent of the imstro.
mient line of sight. our date therefore favor the other
position (7 = 185, 417 = —2F),

‘There are o rumber of Vela evesits which our instru-
weend did mot detect. For thess svenis we made the
following nssurnptions! () If the source was outside the
feld of wview, we assumed that all evemis which, ac-
cording to the Fela eatalog, had fluxes and durations
comparahle or greater than these of 71-6 and 71-5 were
detectahle, whersas evente <om o smaller than
T3 were helow chreshold. (8] U the source was in the
feeld of whew, much weaker events coald he seen hut only
? 1||.-=:. Lusred longrer than the saiellite's socatlon perlod
da,

Cherly, the possllliny of ditecting a burst depended
alen cm the backgmund, which was noc congzant; any-
way, it was brwer than for gvest T1-3 for all other |Vela
siries
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Broadband observations of the naked-eye
y-ray burst GRB 0803198
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GRB090423




Age of the Universe (billions of years)

1 L] L] L) 9
|
9 (¢'8=2) £2v060 849 — [l
N
| (96°9=2) Axered ueisip 150w b
ol fo6972) Arembweispisow
of (6v'9=2) Jesenbueispisow
©
ne
1 o
n
k:
-t
QAF %
MF o
<
51
i
8-.
i [ :
09 0 o 0 )
) oo

sising Aey-ewuwien) Jo Jaquinn

Credit: Edo Berger (Harvard/CfA)



LOw Frequency ARray

The ambitious successor of the early
radio work of Giorgio using the new
technology

Organisation: ASTRON

Location: 3km north of Exloo, the
Netherlands (core)

Wavelength: 30 to 1.3 m (radio)

Built: 2006 — 2009

Telescope style: phased array of ~10,000
dipole antennas

Diameter: 1000 km or more

Collecting Area: up to 1 km?
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C-:-:rnpt-:hn Electrons and E]ettr-:-um,g;ne‘l:i.c Pulse n Supern-:n.'a.e- and GHDLTDE-H..‘!]." Bursts

I. I Katz
Department of Physics and McDonnell Center for the Space Sciences
Washingtom U, 5t. Louwis, Mo, 63130

Ahstract

When gamma-rays smerge from a central source they may undergo Compton
scattering In surrounding matter. The resulting Compton-scattered electrons
radiate, Coherent mdiation by such Compton electrons follows maclear explosions
aberre the Earth's :L't:rnmphere Particle acceleration 1o mstakalities prodwced by
Compton electron currents may explain the radio emission of SN¥199%8hw, Bounds
cm coherent radiation are suggested for supernovae and gamma-may bursts; thess
bounds are very high, but it 13 unknown if coherent radintion oocurs i.11. thes=

ohjects.

High altitude {excatmospheric) nuclear explosions are well known to produce striking
electromagnetic phenomena cn the surface of the Earth. These phencmena, termed HEMP
(High aliitude ElectroMagnetic Pulse) or EMP (Karzas and Latter 1962, 1985 oocur
when prompt gamma-rays following nuclear fssion, radiative nevtron capture or inelastic
neutrom scattering suffer Compton scattering 1o the upper atmosphere. The Compton
electrons, with energies typically ~ 1 MeV, are preferentially directed alomg the direction
of the inoident gnmma-rays, mdially away Fom the gamma-ray source, and move at a
spesd close to the spesd of hight. They are d=Bscted by the gecamagnetic fi=ld and radiate
synchrotron radintion. Because the gamma-rays and Compton slectrons are produced over
an interval < 10-7 sec, shorter than the characteristic gyroperiod of the radiation (~ 105
sec, allowing for the relativiste enecgy of the electrons) this radintion is cohersnt; it may
b= regarded as the sHect of a continuously dstrbuted time-dependent carrent density,
rather than as the mdiation of individual electrons. The number of radiating electrons 1=
very large so that the currents and cohersnt radiation ink=nsity are high, and ars limited
by the condition that the radiation feld not =oce=d the geomagnetic field, for the radiation
field of the Compton current acts to screen the geomagnetic field. In fack, the radiation
may be crodely approximated as the diamagnetic fisld soclusion by the conducting swarm
of Comptom electrons. In atmospheric EMP the Compton electrons preduce large numbers
af low energy electrons by collisional onization, and the effects of these electrons on the
emergent radiation are the chief subject of the published calculations.

Analogous phenomena may be produced by astroncmical events, Karzas and Lat-
ter (1965] indicate a threshold gamma-ray fluence bor the ohservation of EMP aof -~ 10—
erg/em®. This is less than the flusnce of many ohserved gnmma-ray bursts (GRB), in scme
cas=s by more than two orders of magnitude, Hewever, GRE do ot preduce obs=rvakle
EMF in the Earth's atmeaphers because their smission coours over a duration from mal-
liseconds to minutes, several coders of magnitude (=ven for the shortest GRE) longer than
the electrons’ gyropericd In the geomagnetic fizld. As a result the EMP, although cohersnt
in the sense that many electrons radiate in phase, 13 much reduced in amplitude because

it is an incoher=nt mverage over a very large number of cycles of electron gyromotion; the
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Start of Giorgio’s
Group in Bolognha
In X-ray Astronomy

A STUDF OF K100 IN X-RAYS

1 4,8 . - A
Palumbe™ 0.0.0., Maceaoare = T., Powagia N., Vettelami G.,
Iamorani® o,

1 ISTITUTO T.E.5.R.E. - CNR -, Bolegna, Tkaly
& TSTITURY 0T RADIOASTRONOMIA - OWF - Bologna, Ttaly
3 Center for Astrophyaics, Combridae, 154,

ABSTRAET :

During o secrok for X-eay ewtsaion frem Supermeong 1878e, the pa-
rent galozy MIOG (VGO 43210 wee repeatedly obssppad with the PO and
HRT trwtrummts cboord the Fimstein Y-ray Sboervgtory. The X-rap dota
ravaal tio posedble sources in the gamma af the spiral galazy, tuo com—
pomante in the meslsar bulgs wid extendsd Y=ray emisadon from the ocen=-
tral part of the galaxy (1802160 aquare are secomds semtered on the
wictlamal, o fiad thet the catomdad Y-ray emisstom omoot be explaocmed
th rarma of fapergs Compion affead on redio, optleal or 3 K blaowbody
photorts but rather 1t 45 likely to originate from superncia remmanis
(M100 {8 {ndead o prolifie supermovg produser) oedior ecarly type stars,
A for MIOD ag a whols, the vatic of Y=rapy to cprdsal Iimiwceity plages
e half woy betieen "ormal goloriea™ e.g. M3 ar MIZ oud peoultar or
aciive galoefes.

During an wunzuoosseful seareh for I-rey emigsicn from Supermovg
1970 in MIOQ (RG0 2381) (Palwmbo et al. 1081), a wide fleld aomtaining
£ha glary and the surrounding r'.ggz'.;:ﬂ e obeerded with the Imaging Pro-
portioml Counter (IPC) and the High Resolution Imager (HRT) aboard the
Einatain Jboervatory. The Tnatmamentation hee besn described in dedail
by Hacmond ef al. (1878), lota concerning S 1373: Raove beem presented
eleavhara (Palwwbo ot al, 1881}, From the firet HEI observation, tha ga
lany appeared quite {nteresting beswme of evidence of multipls atruziu
ra 1n the mucleua and rather Righ integrated nwelear emigsion (1.8 x
2 1090 apg &™1) fn the 8.1 - 4.5 keV band. Subsequent sbearvationa both
at ulitnaidolat (TUE; Ponagla et al. 18800) ond optisel wavalanghta aho-
wed the presence of condensations with sharaectertstios of low emodta-
Home NIT regions. These appeared fo ke gt the roote of the spiral arm
Furthermons, a 21 ow VLA map (Redlap ot al. 1881) aleo ghowe a oonplsx
structure in the nucleus of W10 as well as evidence of extended emis-
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