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Abdract

A further analysis is presented of the muon content associated with the July, 1986 UHE
observation of the Hercules X-1 system, previously reported by the CYGNUS coUabora-
tion, The probability for observing comparable muon content in ● set of “background”
showers similar to those of the HercuJea buro: is given.

Xnu.QdKtiQn The CYGNUS EAS uray consists of 200 scintillation detectors
spread over an area of 6 x 104 m~ at an atmospheric depth of 800 gin/cm’ ●t Los Alamoc

Nmtional Laboratory in northern New Mexico. The uea of ●ach detector it approxi-

mately 1 m’ and the angular resolution of the ●ntire aJray is about 1 degree. The array

is graded from an average spuing of 14 to 25 meter. be$ween detectors to enhance its
sensitivity at higher energies, The denser section of the ●rray (CYGNUS I) ourroundt
a muon detector ccmsimting O( 44 m’ of multi-wire proportional chamberc (M WPCS)
shielded with an ●verage overburden of 1.8 meters of std.

In 1986, the uray consisted of only 50 scintillation modules covering 1 x 10’ ma and
surrounding the muon detector of the CYGNUS I r~gion. On July 24 of that year, a

burst of 17 ●venta with an ●xpected background of 6 was oboerved from the direction
of Hercules X-1 (Dingua et, al., 1988), This In.mt can be further divided into two
smaller burst- ( “A” and ‘B”), ●ach approximately hdf an hm.tr in duration, occurring
at avmage zenith angleo of 35 ●nd 5 clegrea respectively. These ●verits were found to he
modulated by II 1,23568 s perodicity, bhifted from the Al-known x-ray orbital period of
1.2378 e. This oal,le shifted perio(l h~d previously ken observed by Resvanit et. al., and
by Lamb et.af. in May and June of that oame year. The probability that much ● burst
n]ight be explained by a fluctuation of the background waa ●stimated to be 2 x 10-’,
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The muon content of these events waasubmtautial, particularly when compared to
that expected from photon-inc!ui.ed showers. The purpose of this paper is to compare
the muon content of showers from the Hercules burst with that of background showers,
WIUC+are presumably dominated by protcm-induced interactions.

Analysis Of the 17 burst events, 11 that occurred within the main phwe peak
of the 1.23568 s penodicity were chosen for this analysis. In this ‘purified” sar.lple,
only 0.3 events are expected to be background. 235 hours of data taken close to the
time of the burst were used to extract background showers with similar characteristics to
each of the 11 burst events. Specifically, the criteria for these background events were M
foUows: 1 ) Each event must have a zenith angle which matchen that of ita corresponding
burst event to within 5 degrees, and have an azimuthal angle that matches within 15
degrees; 2) The distance of the shower core from the muon detector (M measured in
the shower plane) must agree to within 5 meters ; 3) The shower size, M derived from a
fit to a NKG lateral distribution, must agree with that of the corresponding burst event

to within the estimated errors of the fit. These cuts resulted in 100 to 300 background
events per burst event, The one exception waa the hut event in our sample which, due
to its extremely large shower size (* 6 x 10s), limited the available background to 34
events,

Under the assumption that the muon lateral distribution for the burst events is
similar to that of the background showers, the probability for an event drawn from each
background net to have a muon ccmtent equal to or greater than that of the corresponding
burst cveut waa then determined. The ability to count individual muons in our detector
saturateo when the number reachea 12 or more. Thim number is thus used to imply
a lower bound. Table 1 shows the recults. The first 6 ●vents bdong to burst A,
and the last 5 are from burst B. Any slight diffcrencee in the shower size estimate M

presented here when compared with onr earlier puid.ication are due to the u~e of different
fitting algorithms. In addition, the muon numbers presented here were determined by
a computerised algorithm rather than by scanning MWPC hits by eye, as was done in
our earlier publication. This wu done for eaae of background analyoie.

DISCLAIMER

Thio reprl wan prcpcred M in ●cxmnl of work qxmwru.f hy ~n agency of Ihc [Jnlid SI@Jn

Oovcrnmcnl Neither the {Jmlcd SImcn (kwcrnmeni nor ●ny agency thereof, nor ■ny of iheir

amployocn, maken any w~rranly, c~fmm or imfrlid ~Jr ~mumc~ W les~l Ilnbillly {jr reVJnli-

Miiy for the wcurmcy, cumpMcncIn, or uncfuhre~ of my informoli{m, ●pparalun, pruducl, W

prmcnn dIdmcd, or reprcncntn ~hnl IIS UBCwould no! mfrin~c prwsiely owned right~ Refar-

en~w herein 10 any nFIfiu con,mcrcml prmlucl. prmxwn, or ncrvi~- hy Irude nsme, Irsdcmmrb,

mnnufmclurer, m oihcrwmc dtxn not ncccmmrily cwnnlilule or Imply its cndmcmcnt, rccom.

mcnddwr, {jr fmwrms +Y lhe I ~nlld sl~lcn f~llvcrnmcnl or my a~ency lhcrcof. l“he view

and [Ipnl,mn of suihms enprcwd herein d[) mII ncccnmrdy II*IC or relleci lh!~ of the

{ lmmd SI-Icn fhwernmcn! or nny mmencyIhera)f
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Event

1

2
3
4
5
6

7
8
9
10
11

Size in I Radius (m) from core
units of i04 (in shower plane)

9*7 13 —
7*4 36

16+9 21

11+7 12

4*3 10
21+16 46

7+3 3
11+10 48
21+13 63

8+4 22

6.5+30 , 39

Muons *
observed

11
6

212

7
9
4

>12
0
0
1
8.—

Prob. to match or
exceed burst value

2094

4%
22%

7%
41%

3%

100%
100%
76%
33%

The combined probability that the muon content of a similar set of 11 b~ckground
events will match or exceed that of the burst events is fouud to be 3??0.

Effect of Ener gy Spectra The range of showm sizes which fitthe burst events
indicateo that the source energy spectrum may be much flatter thau that of the back-
ground. One must therefore assess how the average energy of a shower aa inferred from
a given shower size differs for events originating from each of these two spectra. This
difference emerges from the fact that, with a steep spectrum, a large shower size is more
likely to be a fluctuation from a lower erwrgy event than it is with a flatter spectrum. To
determine how this will change the oignificauce oft he previous calculation, the selected
shower size of background ev~ntc can be increased with respect to those of ~he burst
●ventB, and the procedure can be repeated, Table 2 shows the results when the average
shower sise of background events ic increuecl by 25Y0, 50Y0, and 100% with respect to
the corre~ponding buret erents. Computer simulation~ indicate that the effect of differ-
●nt opectra can csuw the energiec of the background to be overestimated with respect
to the burst evec \s by approximately 409’0.

Table 2

r —
n x shower sise
observed for burst •vm~t~ 1.00 1.25 1.50 2.00———
Prob. for background to match

[or exce?d burst muon content 3% , 12% 29% 68% ,.—. —.. —— .—.
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COILCI* The muon content. 0[ UHE iiir-showers associated with IIw July,
1386 burst from Hercules X-1, which is anomoloue for gamma-induced interactions, haa
been studied relative to hadronic, background snowers. If one assumes that the muon
lateral distribution and the primary energy spectrum of the burst source is similar to
that of the background, then the probability that the muon content in a set of similar
background showers matches or exceeds that of the burst evente is found to be 3%.
When the pouible difference in energy spectra is taken into account, this probablilty
incre~ee to about 25Y0.
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