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High energy y-rays from the direction of the Crab pulsar

By T. Dzikowski, B. GrRocHALSKA, J. GAWIN AND J. Wbowczvyk
University of £odz and Institute of Nuclear Research, £odz, ul. Uniwersytecka 5, Poland

An attempt is being made to extend the search for high energy y-rays from point sources to
much higher energies by using the method based on investigation of the muon-poor extensive
air showers. A search has been made for very high energy photons from the direction of the
Crab pulsar (the best known high energy y-ray source) by using the Lodz extensive air shower
array. The device is particularly suitable for such a study because it consists of a large muon
detector which can be used to search for the characteristic muon-poor showers.

The method involved selecting those showers falling within 15° of the Crab direction, the
observation time being chosen in the interval when the Crab was not lower than 40° from the
zenith. For the Lodz geographical latitude (51.6° N) this corresponds to 8 hours of observation
per day. The Crab has been observed for 5600 hours from 1975 to 1979. The sample from the
general direction of the Crab has been compared with three background samples taken from
the points on the sky located at the Crab declination but with r.a. displaced by 90°, 180° and
270°. The background samples were taken in this way to ensure that those showers were
observed from the same direction with respect to the apparatus as the showers coming from the
direction of Crab.

The results of observation are summarized in table 1.

It is seen that a clear excess of showers from the general direction of the Crab is observed
and that the fractional excess is increasing with shower size.
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The existence of an excess of showers from the general direction of the Crab is also seen in
an independent set of showers collected in the period 1968-71 with a different layout of the
experiment. The total observation time for that period was 8463 hours. From the statistics
we have selected 9543 showers coming from the region 20° < 6 < 40° and 160° < 4 < 200°,
where 6 and 4 are the zenithal and azimuthal angles. This is the direction where at a certain
time (5 h 31 min) the Crab reaches its highest point above the horizon.

It is unfortunate that the sample was not collected continuously so that the coverage time

p
[\ \

i > was different for different r.a. bins; thus we can only make a relative comparison, namely

S = only a search for an increase of excess as a function of shower size. Among the above-quoted

e 5 9543 showers there were selected 374 showers with high electron densities corresponding to

QO sizes of at least 10® particles. The distribution of these showers as a function of r.a. has been

EO normalized to the distribution of all 9543 showers. The normalized distribution is given in
%)

figure 1. The excess seen from the direction of the Crab (4-7 h) amounts to 22.3 + 9.1 above

the average of the seven remaining cells. ' »
The joint probability of obtaining the two results by chance is 3 x 104 (3.60 for a Gaussian

distribution), a result obtained by combining the result with that for N > 108 from table 1.
The excess showers seem to be deficient in muons, the average muon content in the Crab

showers amounting to 0.60 + 0.12 of that in the normal showers. Normal showers contain ca.

7 muons per 55 m? detector, whereas the excess showers contain 4 + 1 per detector (we note

[ 149 ]

PHILOSOPHICAL
TRANSACTIONS
OF

a5
The Royal Society is collaborating with JSTOR to digitize, preserve, and extend access to SO

Philosophical Transactions of the Royal Society of London. Series A, Mathematical and Physical Sciences. MIKOIY
Www.jstor.org


http://rsta.royalsocietypublishing.org/

/

AL

THE ROYAL A
SOCIETY

PHILOSOPHICAL
TRANSACTIONS
OF

THE ROYAL A
SOCIETY L\

PHILOSOPHICAL
TRANSACTIONS
OF

Downloaded from rsta.royalsocietypublishing.org

642 T. DZIKOWSKI AND OTHERS

that photon-induced showers should contain ca. 2 muons per detector (Wdowczyk 1965), not
far from observation).

The absolute intensity of the excess showers observed in the experiment described here can
be evaluated by taking into account the fact that the collection area of our device is approxi-
mately 1000 m? and is virtually energy independent; however it is dependent on angle and
this gives a significant uncertainty in the absolute magnitude of the intensity. When all un-
certainties are included, the overall flux from the Crab direction (in excess over background
level) is (3 +2) x 10~ cm~2 s~ for showers with energies above 10¢ eV.

TABLE 1.
Crab r.a.+90° r.a.+180° r.a.+270° excess fractional excess
N, > 4x10° 313 257 237 272 58+ 20 0.23+0.08
N, > 1x 108 156 108 115 120 42+ 14 0.31+0.12
N, > 2x 108 52 28 36 36 19+ 8 0.56+0.24
80 T R —
- N-N=223%91 N
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Ficure 1. The right ascension distribution of large showers (&, > 108) in the declination band containing the
Crab direction. The distribution has been normalized to all showers registered in the same band.

In view of the large angular region around the Crab direction considered, the evidence that
the excess events are due to the Crab itself is circumstantial. Several possibilities need to be
considered including a general enhancement over several degrees in the direction of the Crab,
and a discrete source within a few degrees of the Crab. Another possibility is that the excess
originates, at least in part, in the galactic plane in general. Intersection of the considered
declination band with the plane occurs at r.a. = 6 h so it is only displaced by half an hour
from the Crab position. It should be noted that in figure 1 there exists (although statistically
not very significant) an excess from the direction of the other crossing of the declination band
with the galactic plane. The excess there amounts to 11.0 + 7.8. Further work is necessary to
distinguish the possibilities.

[ 150 ]


http://rsta.royalsocietypublishing.org/

AL B

/

THE ROYAL A
SOCIETY \

PHILOSOPHICAL
TRANSACTIONS
OF

d

—
>~
O H
~ =
k= O
= O
= uw

PHILOSOPHICAL
TRANSACTIONS
OF

Downloaded from rsta.royalsocietypublishing.org

GAMMA RAYS FROM THE CRAB PULSAR 643

If the excess flux is indeed to be identified with photons from the Crab, a possible model is
one where protons accelerated by the pulsar interact with visible light. The results would not
conflict with the measurements summarized by Weekes (1979), if the spectrum between
1012eV and 1018 eV were rather flat (or indeed if there were a negligible flux of photons below
1015 eV). A flat spectrum would be expected from the model referred to. A summary of the
observed high and ultra-high energy photon intensities from the Crab direction is given in
figure 2. A critical test of the hypothesis about the flat spectrum could come from measure-
ments in the intermediate energy range. As was shown by Gawin & Wdowczyk (1980), a
moderately sized extensive air shower apparatus located at a mountain altitude would allow
detection of photons with intensities around 1013 cm~2s~1sr~! at energies above 10 eV.
This limit is clearly below the line through the points in figure 2.

The authors are grateful to Dr J. L. Osborne and Professor A. W. Wolfendale for helpful
discussions.

107° T T T T T
Cherenkov radiation
data

r—
T
(]
el:E’.
= >—I—< ji- poor
tﬂ» 10_12 B e.a.s. i
A
Z -~
E ~~ .
=i >~
g ~-

10 L 1 1 ! L

10 11 10 13 10 15 10 17

E,/[eV

Figure 2. The spectrum of high and ultra-high energy photons from the direction of the Crab pulsar.
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Discussion

K. E. TurveRr (Physics Department, The University, Science Laboratories, South Road, Durham DH1 3LE,
UK.). Data from an e.a.s. experiment with the atmospheric Cherenkov light technique
have provided upper limits (at the 30 level) for a flux from the Crab of 6 x10-1% and
3 x 10715 cm~2 571 at energies of 3 x 106 and 8 x 10 respectively.

J. Woowczyk. The result reported by us, even if related to the Crab, is not necessarily incon-
sistent with the upper limits given by Dr Turver, since our observation relates to somewhat
lower energies (E; ~ 101 eV). The results taken together could indicate that there exists a
sharp cut-off in the y-ray spectrum.

Another explanation follows from the possibility discussed in the paper that the excess
comes from the galactic plane in general. In that case the excess would not be detectable by
the Cherenkov technique.
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