Searc h for radiation from the SNR G78.2+2.1: A test of the

SNR theory of cosmic ra y origin

HEGRA collab oration

C. Prosch, E. F eigl, A. Karle

1

, R. Plaga et al. (HEGRA collab oration

2

)

Max-Planck-Institut f � ur Physik, F� ohringer Ring 6, D-80805 M � unchen, Germany

Abstract

The SNR G78.2+2.1 is a prime candidate for VHE, UHE gamma emission b ecause

of its sho ck wave expanding into a molecular cloud thus forming the con�guration of an

accelerator and nearby target [1]. The HEGRA collab oration has made a detailed study

of p ossible gamma emission using the wide angle air Cerenkov detector AIROBICC.

The excellent angular resolution of AIROBICC allows for a scan for any structure in the

vicinity of G78.2+2.1. Our upp er ux limit remains a factor of 27 b elow a theoretical

ux v alue, assuming certain plausible parameter v alues.

1 In tro duction

Sup ernov a remnants (SNRs) are widely b elieved to b e the origin of the bulk of cosmic radi-

ation b elow 10

14

T eV b ecause they release enough energy to pro duce the observed cosmic

rays and the assumed acceleration mechanism (di�usive sho ck acceleration) is plausible.

An exp erimental pro of of this idea would b e the observ ation of cosmic radiation from

some SNRs up to some T eV energy [1].

The remnant G78.2+2.1 (distance � 1:5 kp c, age � 5000 a [2]) has a go o d chance of

b eing detected as ray source. While most of the SNRs expand into the interstellar medium

which has a low particle density

, a part of the sho ck front of G78.2+2.1 moves currently

through a dense molecular cloud [3]. Thus the charged cosmic rays pro duced by G78.2+2.1

have a higher chance to interact with nuclei of the ambient medium and pro duce �

0

s and

through them rays. The exp ected ux > 1 T eV from G78.2+2.1 has b een calculated

by Aharonian et al. [1].

In the following we present an analysis of measurements with the AIROBICC detector

for G78.2+2.1 and a comparison of the results with the mo del of Aharonian et al. [1].

AIROBICC is a wide angle Cerenkov detector lo cated at the HEGRA site on the Ca-

nary island la Palma. Each of the 49 detector stations of AIROBICC is equipp ed with a

winston cone mirror for light collection and a big (20 cm diameter) photomultiplier tub e

which can detect Cerenkov light from a solid angle of 1 sr. Due to the p ossibility of exact

timing measurement of the Cerenkov light pulses the angular resolution of AIROBI CC is

sup erior to that of scintillator arrays and therefore very well suited for lo oking for sources.

1

present adress: IfH DESY-Zeuthen, D-15735 Zeuthen, Germany

2

for full author list see contribution of V. F onseca et al.[5]

1

The design and p erformance of AIROBICC is describ ed in detail in [4]. An overview of

the HEGRA exp eriment is given in another contribution to this conference [5].

2 Data and Analysis

The dataset used for this analysis was recorded from March 1992 to April 1993 (as in Karle

et al. [6]) and consists of a total of 40 million showers. Some quality cuts were applied on

the data, namely:

- reduced �

2

of the �t for the shower direction (cone �t to the Cerenkov light arriv al

time distribution) � 2

- shower core p osition at least 5 m inside the array

- numb er of triggered AIROBICC huts � 12 (� 7)

These cuts lead to an angular resolution of �

63

= 0:29

�

(0:45

�

) and an energy threshold of

E = 25 T eV (18 T eV) [4](numb er in brackets for low trigger threshold).

G78.2+2.1 has a radio bright region ‘DR4’ in the south-east of the radio map of Higgs

et al. [2] (solid contour lines in Fig. 1). The reason for this enhanced brightness is b elieved

to b e due to increased synchrotron radiation from the sho ck compressed molecular cloud’s

B-�eld

3

. The sho ck compressed matter of the cloud should in turn lead to enhanced

emission. The size of DR4 is of the same order as the angular resolution of AIROBICC.

Therefore this ob ject cannot b e treated as a p oint source candidate of radiation.

Because DR4 has an irregular shap e, a rectangle (0:44

�

� 0:16

�

) has b een chosen as

nominal source region. This shap e �ts the region > 30 K brightness temp erature in Fig. 1

quite well. The v alue of 30 K has b een taken b ecause there are no brighter regions in the

SNR except near DR4.

Analogous to the pro cedure in Ref. [6] a rectangular on-source region (0:68

�

� 0:58

�

,

rectangle in Fig. 1) has b een determined which has for a p otential detection the highest sig-

ni�cance

4

. This was done by �rst calculating the event distribution from the source region

seen with an angular resolution of �

63

= 0:29

�

(numerical folding of a rectangular step func-

tion as source function and a two dimensional gaussian, � = 0:2

�

[6], as angular resolution

function) and then maximizing the signi�cance by v arying the size of the on-source region.

5

T o take the systematic p ointing error (0:10

�

) of the AIROBICC detector [6] into account

the region around the p osition of G78.2+2.1 has b een scanned with the search rectangle

in a 3 � 3 grid (� 0:18

�

angular distance in right ascention and declination). F or the cal-

culation of an upp er ux limit the highest v alue of source events from this scan has b een

used.

The numb er of background events exp ected in the source region has b een calculated

from the numb er of events in a ring around the source p osition (op ening angle 0:7

�

� 2:5

�

).

3 Results and Discussion

With the cut of � 12 triggered AIROBICC huts the highest v alue of numb er of events in

the on-source region in the 3 � 3 scan is 205. The mean background at the source p osition

3

CO emission from the cloud [7] is indicated as dashed line in Fig. 1

4

The on-source region contains 72% of all source events

5

F or the case of � 7 triggered AIROBICC huts the on-source rectangle has the size 0:98

�

� 0:94

�

T able 1: Comparison of upp er ux limits and theoretical predictions

E ux limit theory prediction prediction/upp er limit

[T eV] [10

�13

cm

�2

s

�1

] [10

�13

cm

�2

s

�1

]

(90% CL) sharp cuto� Drury cuto� sharp cuto� Drury cuto�

18 7.1 29 110 4.1 15

25 2.5 14 67 5.6 27

is 206.2 events. F or the cut � 7 triggered AIROBICC huts the v alues are 814 on-source

and 798.5 mean bachground events. There is thus no evidence for a signal at an energy

threshold of 25 T eV or 18 T eV.

In Fig. 1 the numb er of events seen by AIROBICC for the case of � 12 triggered huts

are displayed as greyscale b oxes with a size slightly smaller than the angular resolution.

F rom the measured cosmic ray ux from the direction of G78.2+2.1 and the ab ove

numb ers upp er ux limits (90% con�dence level) have b een calculated (see T able 1).

W e compare our upp er limits with the theoretical prediction according to the mo del of

Aharonian et al [1]. While it would b e b est to determine some ‘minimum exp ected’ ux

from DR4, this is not really p ossible at present (one could e.g. still call into question the

physical correlation of the molecular cloud and the SNR). F ollowing largely Aharonian et

al.[1

] we assumed ‘most plausible’ parameters for an estimate of the ux, namely a source

sp ectrum with di�erential sp ectral index � = �2:1, acceleration e�cieny � = 0:1 � E

S N

(kinetic energy released by the SN E

S N

= 10

51

erg), distance to SNR = 1:5 kp c and a

�lling factor �V =V = 0:05. Standard SNR theory predicts particles to b e accelerated

up to 100 � 1000 T eV. W e therefore assumed conserv atively a sp ectral cuto� at 100 T eV

with the shap e given in Drury [8] (the extreme case of a sharp cuto� is also given). The

exp ected -ray ux was determined using the -ray yield in proton-proton collisions as

given by the SIBYLL co de [9]. F or the density of the target we assumed following Ref. [3]

the pre-sho ck cloud particle density (300 cm

�3

mostly in the form of molecular H

2

[7]) as

b eing compressed by the passing sho ck front by a factor of 9 [3] (a factor of 4 is the usual

strong sho ck compression, and some additional compression is exp ected due to co oling [3]).

Our results are summarized in T able 1. The discrepancy is seen to b e a factor of 5.6 even

under the extreme assumption of a sharp cuto� at 100 T eV. It will b e interesting to see

how the ab ove parameters have to b e changed to bring theory and exp erminental results

into agreement.

References

[1] Aharonian F.A., Drury L.O’C., V� olk H.J., Astron. Astrophys. 285, 645 (1994)

[2] Higgs L.A., Landecker T.L., Roger R.S., Astron. J. 82, 718 (1977)

[3] Pollo ck A.M.T., Astron. Astrophys. 150, 339 (1985)

[4] Karle A. et al, Design and p erformance of the angle integrating Cerenkov array AIRO-

BICC, Astropart. Phys. (in press), Max Planck Inst. f � ur Physik preprint MPI-PhE/94-

29

[5] F onseca V. et al., Status of the HEGRA exp eriment at la Palma, contribution to this

conference

[6] Karle A. et al, A search for gamma radiation ab ove 24 T eV energy from cosmic

p oint sources, Astropart. Phys. (in press), Max Planck Inst. f � ur Physik preprint MPI-

PhE/95-01

[7] Cong H.I., PhD thesis, Columbia University

, 1977, p.136

[8] Drury L.O’C. in: Pro c. Conf. ’Cosmic Rays, Sup ernov ae and the Interstellar Medium’

,M.M. Shapiro et al.(eds.), (Kluwer Academic Publishers, Dordrecht/Boston/London,

1991) p.87

[9] Berezinsky V.S., Gaisser T.K., Halzen F., Stanev T o dor, Astroparticle Physics 1, 281

(1993)

Figure 1: Numb er of events from the direction of G78.2+2.1 measured with AIROBICC

at energy threshold E

= 25 T eV as greyscale b oxes. The solid lines are contour lines of

the radio map of Higgs et al.[2]. The dashed line indicates the 0:5

�

K-MHz

13

CO emission

of the molecular cloud [7]. (The region of the CO emission is not exp ected to completely

coincide with the radio bright region b ecause the CO molecules are destroyed at the high

temp eratures (10

4

K) in the p ost-sho ck region.) Also plotted is the rectangular on-source

region for the deriv ation of the ux limit.