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Abstract. The unidentified, low-latitudey-ray source 3EG at low galactic latitudes display high levels of variability, con-
J1828+0142 presents high levels of variability and a steep spfaning the results found by McLaughlin et al. (1996) for the
tral indexI" ~ 2.7. Here we propose a model for this sourceources contained in the Second EGRET catalog. The conjunc-
where the high-energy emission is produced by a galactic Ketion of steep gamma-ray spectral indices and strong variability
Newman black hole. The model takes into account electran-a few sources seems to suggest the existence of an entirely
positron annihilation losses in the calculation of the expectedw population of high-energy sources in the Galaxy. One such
spectral energy distribution and can reproduce the observatics@irce is 3EG J1828+0142, locatedlatb) ~ (31.9°, 5.78°).
features, including the absence of a strong radio counterpétartman et al. (1999) suggest that it could be an Active Galactic
We also report the discovery of a nearby supernova remnéhicleus (AGN), although there is no strong radio blazar within
that could be associated with the original supernova explositie 95% confidence contour. The source presents a steep spec-
that created the black hole. Several faint radio sources were dtsb index with a valud™ = 2.76 + 0.39 and variable gamma
detected in the radio field within the innerray confidence con- emission. If we introduce the variability index= s/ <H>p-
tour and their spectral index estimated. Some of these sourab®re s = o/ (F) is the fluctuation index of the gamma-
could be the expected weak radio counterpart. ray source andu)p is the averaged fluctuation index of all
known gamma-ray pulsars (which are usually considered as a
Key words: gamma rays: theory — gamma rays: observationgwen-variable population), we found that= 5.5, a clear indi-
radio continuum: ISM — ISM: supernova remnants — black hotation of strong variability.
physics In this paper, we propose that this source could be a magne-
tized black hole which originated from a relatively recent super-
nova explosion. We have used background filtering techniques
to isolate the radio image of an extended SNR (which overlaps
1. Introduction the gamma-ray signal) from the contaminating diffuse emission

During its lifetime, the EGRET instrument on board the Com;?—fthe Galaxy, in radio observations at two frequencies. Both the

ton Gamma Ray Observatory detected 170 gamma-ray pd{ﬁ{iability and the steep spectral index of the gamma-ray radi-
on argue against the possibility that the compact object left

sources which are not clearly identified with known objects & .
er the explosion is a pulsar. We present a model for a mag-

lower frequencies (Hartman et al. 1999). About half of thesg™ d black hole th q he ob d hiah
sources are concentrated near the galactic plane, suggestind}ﬂ%e ack hole that can reproduce the observed high-energy

they have a relatively local origin (Romero et al. 1999a; Gehnﬁ%ectrum and which predicts an intense electron-positron anni-
et al. 2000) ilation line that could be detected later by the SPI spectrometer

Different possible counterparts have been suggested for ﬂﬁéhe IBIS imager .Of the lNTEG.RAL satellite. . .
ts/n the next section we describe the data analysis technique.

alactic population of gamma-ray sources: supernova remna
g pop g y P r¥1en,we present our results, briefly discuss the probability of a

(SNRs) in interaction with molecular or atomic clouds (e.g. Al
Sturner & Dermer 1995; Esposito et al. 1996; Combi et aﬁ.ha_nce association of the SNR and the gamma ray source, and
1998), massive stars with strong stellar winds (e.g. Romerooé’l“'”e the black hole model. Finally, we discuss the predictions
al. 1999a), young pulsars (e.g. Yadigaroglu & Romani 199‘*‘,at can test our proposal.
Zhang et al. 2000), and isolated black holes (e.g. Dermer 1997,
Punsly 1998a,b). _ _ _ 2. Data analysis and results

Recent variability analysis of the data in the Third EGRET

catalog by Torres et al. (2000) show that many of the sourcé® have studied the surroundings of 3EG J1828+0142 using
radio data from the surveys by Haslam et al. (1981) and Reich

Send offprint requests 1&.E. Romero & Reich (1986). The background filtering method developed
* Member of CONICET by Sofue & Reich (1979) was applied to remove the diffuse
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Table 1. Measured properties of the SNR

Property Value 9.0°
Galactic coordinates (center) +82.6°,7.3°)
Angular size (degcdeqg) 4.0 x 4.0
Flux density (408 MHz) 44.7+6.5Jy ]
Flux density (1420 MHz) ~ 18.2+2.1Jy £ 700
Average spectral index 0.72 +0.18 =
Distance (pc) ~ 940 E;e

S

o

galactic emission that hides weak and extended radio struc-s'o |
tures at low galactic latitudes. The procedure and its applica-
tion to find low surface brightness SNRs is described in de-

tail by Combi et al. (1998, 1999). In the present case we have
applied a gaussian filtering beam @ x 90’ to 0.408- and  3.0°
1.42-GHz maps of §° x 7° field around 3EG J1828+0142,
identifying a previously unnoticed shell-type structure centered
at(l, b) ~ (32.6°, 7.3°). Itis a large 4° x 4°) source witha  6.0°
total flux density at 1.42 GHz df8.2+ 2.1 Jy and a nonthermal
spectral indexy = 0.72 £ 0.18 (S(v) < v—¢), very similar to

other shell-type SNRs (see Green 1998). In[Hig. 1, upper panel,
we show the filtered 1.42-GHz image of the source. The large 5.9°
continuum sources at the South of the new remnant candid%te
are probably related to the North Polar Spur (see Jonas’s 1999
large-scale map of the region at 2.326 GHz). Table 1 lists tife
main characteristics of the new SNR candidate. The distange5.8°
of ~ 940 pc has been estimated using thie- D relationship §
derived by Allakhverdiyev et al. (1986) for low surface bright-

ness SNRs, and it should be considered a very rough estimate.
The large apparent size of the remnant suggests that it is located-” " |
nearby.

If we assume a standard energy release-of.4 x 10°!
erg for the supernova explosion and a typical intercloud density ° /\ | oy .
of 0.1 cm~3 for the interstellar medium (Spitzer 1998), we get ~ 32.1° 32.0° 31.9° 31.8° 31.7°
from the Sedov solutions that the age of the remnant4g 500 Galactic Longitude
yr. A transverse velocity of~ 730 km s™! is then required

. . ig.
Ifor t’[]ed cr:]omrptz?lct Obtjefalef;dbyr thef tingj:gn;% bne C:Jrrrirt;ti'lzﬁ, source 3EG J1828+0142 at 1.4 GHz. Radio contours are shown
ocated near the outer boundary of the ) enser ambig gteps 0f0.015 K, starting from0.045 K (noise level is0.02 K).

m_ed'umWOl_Jld imply, O[f course, smaller velocities. Forms?ancqahe ~-ray probability contours are superposed in gray scale. Lower

with a density~ 1 cm~* we get a more reasonable velocity Opanel: Small-scale 1.42-GHz emission obtained from the VLA sky

~ 240 km s™'. It should be also taken into account that theurvey for the region within the inner probability contour of theay

determination of the distance has an uncertainty&f0%, SO source. Radio contours are in steps of 1 mJy berstarting from

even lower velocities are possible. Lyne & Lorimer (1994) havemJy beam'. The characteristics of the four point sources labeled

recently estimated that the space velocity of pulsars at birth Hiasn S1 to S4 are detailed in Table 2.

amean value of50 + 90 km s™1, which is a factor three higher

than earlier estimates (e.g. Lyne et al. 1982). Stellar black holes

should present a velocity distribution similar to that of pulsar§.1, S2 and S4 do not present a resolved structure, whereas the
In order to explore the small-scale radio emission withisource S3 has two weak extensions towards the Northeast and

the inner probability contours of the gamma-ray source we haSeuthwest. Itis hard to say, however, whether these features are

used the NVSS Sky Survey with an angular resolution of 45 airtifacts due to confusion with weak, neighboring sources, or

seconds (Condon et al. 1998). There are just four point sourceal components of S3. The characteristics of the four sources

with fluxes above 10 mJy within the 65% probability contouare summarized in Table 2. The sources S2, S3 and S4 have no

of 3EG J1828+0142. They have been labeled from S1 to 8dtry in any point source catalog at present. We have estimated

in Fig.[1, lower panel. All these sources are nonthermal, witbwer limits to their radio spectral index using the 5 GHz survey

flux densities of betweern 5 and 100 mJy at 1.4 GHz. Sourcedy Condon et al. (1994), which is sensitive down to 5 mJy.

1. Upper panel: Filtered large-scale radio emission aroundthe
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Table 2. Characteristics of the point radio sources insidesthray contour

Source [, b) Firacuz  Fsesmiz «@ ID
(deg, deg) (mJy) (mJy)
s1 (31.79+5.87)  78.4 2754 0.9  TXS 1825+016
S2 (31.89+5.88) 13.8 - > 0.8 -
S3 (31.98+5.69)  25.1 - > 1.2 -
S4 (31.73+5.77) 7.3 - >0.3 -

! Douglas et al. (1996)

3. Probability of chance association a stationary orbiting ring or disk. The entire magnetized sys-
tem is stable only in an isolated environment, otherwise ac-

Qetion into the black hole would disrupt the ring and its fields.

Ealljriggri:nec\?vs%Zifgzlgopegimer?&ri?icsall\I(?ogQC:jg\‘/Zlga;n &Fr-Newman black holes are charged similarly to neutron stars
y P PeqPhulsars. However, unlike neutron stars, black holes have no

Romero et al_. .(1999b) an_d _used by_Rom_e_ro et al. (1999a)st0 id surface and consequently no thermal X-ray emission is
study the positional association of unidentified EGRET Sourc&)%pected. These objects can support strong magnetized bipolar

with various populations of galactic objects. The code calcu—inds in the form of jets, where gamma-ray emission is origi-

e o sy o eiverse Complonmechani (Pl 1996e). e
J . . gues, ) . © et magnetic and rotation axes are always aligned therein, their
of positional correlation between them. Numerical simulations . . = .
using large numbers of synthetic populations are then perfor ee ission is nonpulsating (NP) and for such a reason they have

g'arg y bop P Mfen called NP black holes (Punsly 1999).

in order to determine the probabilities of purely chance associ- We propose that 3EG J1828+0142 could be a NP black

o s ey h same siperioa exploso htprocuced
. near NR. In the following, we presen ific model th
as the one actually observed for the 3EG sources. This is ne arby S the following, we present a specific model that

sary in order to obtain reliable results since the distribution (%%n%ef%?;ge'?rfzer:ézz?tgirensr?r?t-(;agcigizttn:ﬂrg(?t?jf—rgggit?;ngnliz-r

:2\?\/:5? tﬁgug:;?ascltisc npﬁg;:;o;[ﬁglié;\gg :iissrt(;?enr?ezotr:) thn;rsgﬁg?tions inthe inner jet, self-(_:or_npton cooling o.f thg relativistic

by Romero et al. (1999a) for further details of the simulatio%ptqns’ apd synchrotron emission of the_ outer jet, in such a way

code. g;ant Itt) grt(;\gfe%siﬁclﬂce:rifapr)rfictiﬁgons for different wavebands that
. Our r_eSl_JIts for 3EG J1828+0142 indicate that_ th_e proba- We shall follow the treatment given by Punsly (1998a), con-

bility of finding by chance a gamma-ray source with its 95%. , . o .

fidence contour within the outer boundary of the SNR Séderlng a black hole of magd_f 4 M® ant_:l a polar magnetic

con 5 . - ary fiRld strengthB = 10'! G. The inner jet begins at the inner light

7010 " The pmb?"b"!‘y of finding a variable gamma—rayc}/“nder (located at a cylindrical radiug. from the symmetry

source (estimated taking into account the actual fraction of vart-. ..

able sources in the 3EG catalog according to Torres et al. 208655) '

is lower:1.0 x 10~2. These values are not too compelling, but, = 7. = 8 x 10” cm; (1)

if we calculate the probability of the gamma-ray source bein

background AGN seen through the galactic plane and associ

by chance with the SNR, we get a value-oft x 10~%, whichis g, = 108 cm. )

significantly lower. In making this calculation we have extrap- . o o

olated the isotropic population of already detected gamma-ray 1he radius of the jet is given in terms of the axial displace-

emitting AGN's towards the region obscured by the galactic digkent from the black holeR, as:

emission, performing simulations with no gamma-ray source_ (R/Ro)" 1o, €= 0.2. 3)

density gradient towards the plane.

In order to make quantitative estimates of the probability of

a . . .
3{3& is at a distanc®& from the event horizon:

Thus, the inner jet is tightly collimated. Its length is given by:
4. Magnetized black hole model Ruax = 1.5 x 102 cm. (4)

Kerr-Newman isolated black holes are interesting candidatfige poppler enhancement factor is constant and assumed to be:
for the production of variable gamma-ray sources in the Galaxy

(Punsly 1998a, 1998b). The configuration of a simple axisym—= 2.5. )
metric magnetosphere around a maximally rotating black hollﬁ
attains a minimum energy configuration when the hole and tgg
magnetosphere have equal and opposite charge. Punsly (1998a)

has shown that the magnetospheric charge can be supportefi i 100 (R/Ry) ¢ G (6)

e magnetic field and the particle number density vary With
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and BT T T T T T T T T
N = Nr (R/Ro)iev (7) 35 |- .
where
13 -3 34r N
Nr = 7.5 x 10 cm™ 7, (8) I
’anax
n = / Nevi dun @ _ st -
Ymin n L
The maximum thermal Lorentz factof,, = Ymax, IS: Py
- 1 31t -
e = 1.5 % 104 (R/Ro) 0225, ay 2 °
(o))

Gamma-rays are produced in this inner jet by electrog 3o |
positron annihilations and self-Compton emission. The ani—
hilation luminosity is enhanced by Doppler boosting in the j

29 .

as:
ann _ g3renn (12) og L ——SED w?th annihilgti.on. |
----- SED without annihilation

where

27I.I.I.I.I.I.I.I.I.I
LA™ = (3/32)opc(T — 1)%n2m.c?V x 8 10 12 14 16 18 20 22 24 26

2(2T — 1) (13) Log v [Hz]
(T'—1/2)(r+1/2) T -1)? Fig. 2. Spectral energy distribution for the magnetized black hole

(see Roland & Hermsen 1995, noticing the wrong exponent’ﬁ?de'-

their Eq. 4, where it should be no dependencyadnin the

above Eq[(IB)n is the number density of electron-positro _ 3 outy—0.25

pairs,V is the volume where the annihilations occur, and P = 1.72 % 10 (B/B5™) ' (23)

is the Thomson cross section. The peak of the annihilation line The pulk of the gamma-ray emission originates in the inner

will be at an energy: jet. We have computed its emissivity using the synchrotron self-

B = 57nin0.511 MeV, (14) Compton (SSC) formalism develope_d for AGNs by Ghisellini
et al. (1985) and adapted to magnetized black holes by Punsly

which in our model corresponds to 6.4 MeV, assumipg, ~ (1998b). The computed spectral energy distribution (SED) is

5. The spectral shape of the annihilation line is as @itéher shown in Fig[2. Notice that the radio luminosity is low, so no

& Schlickeiser (1996). Notice, however, that these authors catrong point-like counterpart is expected at centimeter wave-

sider an external source of photons for the inverse Comptengths. The radio jets and the terminal radio lobes should ap-

radiation and, consequently, their conclusions on the minimyrear as a weak<{ 30 mJy at 5 GHz) source with an angular

leptonic number density in the jet do not apply to our case. size of a few arcseconds. Any of the sources in Table 2, then,

The outer jet, which is responsible for the bulk of the syrare potential counterparts.

chrotron emission, can be parameterized as a direct extrapola-At a few MeV, the gamma-ray annihilation luminosity ex-

tion of the inner jet: ceeds the SSC emission and the spectrum presents a broad peak.

out 12 The pair annihilation contribution produces a steepening in the

Ro" =15x107 cm, (15)  spectrum, which presents an index- 2.7 in the EGRET en-

rout = 5.5 x 108 cm, (16) ergy band, consistent with the observations.

ut __ uty1.5 ut
rot = (R/RG™) ™ g™, (17) 5. piscussion and conclusions
Ry =1.5x 10" cm, (18) We have shown in the previous section that when electron-
positron annihilation effects are taken into accountin the bipolar
=2 a=I-1/2=05 (19) magnetically dominated wind ejected by a Kerr-Newman black

(20) hole in isolation, a steep-spectrum gamma-ray source with no
strong radio counterpart can be produced. The wind, which is
B =146 (R/RJ")"5 G, (21) tightly collimated into a jet, possibly experiences strong dissi-
pation near the outer light cylinder (i.e.at8 x 107 cm from
N, =11 x 10"(R/R3")™*" em™3, (22) the black hole) due to plasma instabilities and shocks. These

§ = 2.5(R/R") ™,
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dissipative processes can load the jet with hot plasma. If the presented here is capable of explaining the association of such
ner jet was to propagate with a bulk Lorentz factor of 5 and waslices with high levels of variability and the absence of strong
viewed at 20 degrees off the axis, a Doppler factor of 2.5 woulddio counterpartsin a galactic source. The discovery of anearby
be attained as in Eq-{R0). The jet is likely to wiggle either asSNR, also reported in this work, provides additional support for
consequence of interactions with the enveloping medium or the existence of a young black hole behind the source detected
firehose instabilities. If the jet were to wobhbiteb degrees from by EGRET.
its nominal value oR0°, then the gamma-ray luminosity would
vary by a factor of 9. Thus, extreme variability is expected ificknowledgementsThis work was supported by the Argentine agen-
our model. cies CONICET (PIP 0430/98) and ANPCT (PICT 98 No. 03-04881),
There are two main types of observations that could be p&r-Vell as by the Fundam Antorchas.

formed in the immediate future to confirm our proposal of the
nature of the source 3EG J1828+0142. VLBA observations Rkferences
the sources in Table 2 could reveal some structure unresolved ) _ _
in the VLA images and show evidence of the twin jets and theil 2Knverdiyev A.O., Guseinov O.H., Kasumov F.K., Yusifov M.,
end points in the ISM, if there is, indeed, a NP black hole whicl 1986 Ap&SS 121, 21 .

. ! ' .Bloemen H., Hermsen W., Collmar W., et al., 2000, Proceedings of the
pr_oduces 3EG J1828+0142. On the other han_d, observa'uo_ns4th INTEGRAL Workshop, ESA-SP, in press
with the gamma-ray spectrometer SPI and the imager IBISgBticher M., Schiickeiser R., 1996, A&AS 120, 575
the forthcoming INTEGRAL mission should show evidence afompi J.A., Romero G.E., Benaglia P., 1998, A&A 333, L91
the electron-positron annihilation line, which has a luminositgombi J.A., Romero G.E., Benaglia P., 1999, ApJ 519, L177
of ~ 1.8 x 10%> erg s™! in the present model. The expected fluxzondon J.J., Broderick J.J., Seielstad G.A., et al., 1994, AJ 107, 1829
~ 107® ph cnT2 s~ !, depends on some uncertain paramete@ndon J.J., Cotton W.D., Greisen E.W., et al., 1998, AJ 115, 1693
like the width of the line and the Doppler factor. Itis not surprigPermer C.D., 1997, In: Dermer C.D., Strickman M.S., Kurfess J.D.
ing that COMPTEL instrument of the late Compton Gamma- (eds.) Proceedings of the Fourth Compton Symposium, AIP, New
Ray Observatory did not detect the source, since it would re—u;?gz’Jlezégsh EN. Bozyan FA. etal., 1696, AJ 111, 1045
quired a'.[ least two weeks of lmegra.tlon time and there is g osito J.A.: HunterS.IS., Kanbach G Sreékumér P., 199,6, ApJ 461,
yet a satisfactory model of the galactic gamma-ray backgroundD

(Scrbnfelder et al. 2000). Notwithstanding, recent backgrounghpeis ., Macomb D.J., Bertsch D.L., et al., 2000, Nat 404, 363

modeling by Bloemen et al. (2000), including bremsstrahlunghiseliini G., Maraschi L., Treves A., 1985, A&A 146, 204
and inverse Compton components, shows a flux excess in ti{gen D.A., 1998, A Catalog of Galactic Supernova Rem-

galactic disk at a few MeV that could be the effect of unidentified nants. Mullard Radio Astronomy Observatory, Cam-
point sources similar to the one discussed here. bridge, England, UK (available on the World Wide Web at

X-ray observations with the Chandra observatory also could http://www.nrao.cam.ac.uk/survey/snrs/)
be very useful in identifying the lower frequency counterpart dfaslam C.G.T., Klein U., Salter C.J., et al., 1981, A&A 100, 209
3EG J1828+0142. The expected luminosity of the NP bla&lartman R.C., Bertsch D.L.., Bloom S.D., gt aI.., 1999, ApJS 123, 79
hole in the Chandra energy range~s103* erg s'!, with a SQZSA Jé 1??)?;”:1-8-;helsgzgfs‘;?gzgr;‘z’irs'ty
spectral m(;i(.axl“ - 1'5 i 0.25. !t should appear as a poth ne A.G.: Anderson B.,'Salter’ M.J., 19é2, MNRAS 201, 503
source posmonally comc[denthth one of the nonthermal radﬁ%cLaughlin M.A.. Mattox J.R., Cordes J.M., Thompson D.J., 1996,
sources detected in the field. ApJ 473, 763

The fact that the point-like radio sources found within thpuns|y B., 1998a, ApJ 498, 440
inner confidence contour of the gamma-ray source have, in mpghsly B., 1998b, ApJ 498, 460
cases, a steeper spectral index than the canonical valué ofpunsly B., 1999, ApJ 519, 336
expected from the outer jet can be explain by the contributi®eich W., Reich P., 1986, A&AS 63, 205
from the two lobes of radio emission formed at the points wheReland J., Hermsen W., 1995, A&A 297, L9
the outer jets end, approximately 0.1 pc from the black hole. TR@mero G.E., Benaglia P., Torres D.F., 1999a, A&A 348, 868
emission from these lobes, which is not taken into accountf@mero G.E., Torres D.F., Anchordoqui L.A., et al., 1999b, MNRAS
the SED shown in Fi¢l]2, has been modeled by Punsly (1998b /308,799
The radio spectrum from these regions is expected to be steez) nfelder V., Bennett K., Blom J.J., etal., 2000, A&AS 143, 145
than the emission from the jet, with values®@f~ 1.15 at 1 ofue Y., Reich W., 1979, AGAS 38, 251 : )

! Spitzer L., 1998, Physical Processes in the Interstellar Medium. Wiley

GHz (Punsly 1998_b)'_ . . . . Classics Library, J. Willey & Sons, NY

The recent variability analysis of the unidentified gammasmer .3, Dermer C.D., 1995, A&A 293, L17

ray sources in the Third EGRET catalog carried out by Torrggrres D.F., Romero G.E., Combi J.A., et al., 2000, A&A submitted
et al. (2000) shows that the most variable sources near thgligaroglu I.-A., Romani R.W., 1997, ApJ 476, 356
galactic plane tend to present steep indices 2.5. The model Zhang L., Zhang Y.J., Cheng K.S., 2000, A&A 357, 957
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