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Short vs. long bursts
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Short gamma-ray burst environments

See Fong et al. (2013) for a recent compilation

Localisations from 
Swift

All galaxy types 
represented

Burst offset from host 
galaxies by up to 
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Figure 1 HST imaging of the location of SGRB 130603B. The host is well resolved 

and displays a disturbed, late-type morphology.  The position (coordinates RAJ2000 = 11 

28 48.16, DecJ2000 = +17 04 18.2) at which the SGRB occurred (determined from 

ground-based imaging) is marked as a red circle, lying slightly off a tidally distorted 

spiral arm.  The left-hand panel shows the host and surrounding field from the higher 

resolution optical image. The next panels show in sequence the first epoch and second 

epoch imaging, and difference (upper row F606W/optical and lower row F160W/nIR).  

The difference images have been smoothed with a Gaussian of width similar to the psf, 

to enhance any point-source emission. Although the resolution of the nIR image is 

inferior to the optical, we clearly detect a transient point source, which is absent in the 

optical. 

 

Emission from radioactive decay of r-process rich material

Near-IR brightening observed for GRB 130603B 
consistent with kilonova. Tanvir et al. (2014) Nature 500 547

Inferred mass ejection consistent with compact binary 
merger. Piran et al., arXiv1401.2166



Calcium-rich “gap” transients
The Astrophysical Journal, 755:161 (14pp), 2012 August 20 Kasliwal et al.

Figure 2. Left: PTF 09dav is offset from its late-type host (circled) by 40 kpc. Note that the galaxy on the western edge is unrelated as it is at a different redshift.
Center: PTF 10iuv is offset from a galaxy group (circled) with early-type and late-type galaxies; the nearest potential host is 37 kpc away. Right: PTF 11bij is offset
from a group of early-type galaxies (circled); the nearest is 33 kpc away.

PTF10ops (140 kpc), has peculiar properties and is the subject
of another paper (Maguire et al. 2011).

The three peculiar transients are the topic of this paper.
PTF 09dav is offset from a spiral host by 40 kpc; PTF 10iuv
is in a galaxy cluster containing early- and late-type galaxies,
with the closest being an elliptical galaxy 37 kpc away; and
PTF 11bij is in a cluster of early-type galaxies, with the closest
being 33 kpc away (Figure 2). Note that in units of host-galaxy
Petrosian radii, these offsets correspond to 4.9, 5.9, and 3.8 radii,
respectively. We cannot rule out the possibility of an underlying
low-luminosity dwarf host; we can only constrain dwarfs to a
limiting R-band absolute magnitude of −9.8, −12.1, and −12.4
for PTF 09dav, PTF 10iuv, and PTF 11bij, respectively. Finding
dwarf satellites at a separation of 40 kpc would not be unusual
(cf. Andromeda’s −8.5 mag satellite at 350 kpc; Slater et al.
2011).

3. OBSERVATIONS: PTF 09DAV

We presented the discovery, light curve, and photospheric
spectra of PTF 09dav in a previous paper (Sullivan et al. 2011).
We found that PTF 09dav had a low peak absolute magnitude
of MR ≈ −16.3 and a short rise time of 12 days relative to
SNe Ia (which peak at −19 mag with a rise-time of 17.5 days).
We also found that the photospheric spectra resembled those
of SN 1991bg-like subluminous SNe Ia but with very unusual
strong lines of Sc ii, Mg i, and possibly Sr ii. Photospheric
velocities were ≈6000 km s−1. Here, we present late-time
imaging and nebular spectroscopy of PTF09dav.

3.1. Late-time Imaging

We undertook deep imaging in the g-band and R-band filters
at the position of PTF 09dav with the Low Resolution Imaging
Spectrometer (LRIS; Oke et al. 1995) on the Keck I telescope on
2010 May 15.603 and July 9.584 (UT dates are used throughout
this paper), 9–11 months after explosion. We registered these
images with a Palomar 60 inch (P60) image of PTF 09dav. No
source is detected to a 3σ limiting magnitude of R = 26.2 mag
(Table 1 and Figure 3). This constrains any satellite, dwarf host
to be fainter than MR = −9.8 mag.

We undertook imaging in the K ′ band with Laser Guide
Star Adaptive Optics (Wizinowich et al. 2006; van Dam et al.
2006) on the Keck II telescope with the Near Infrared Camera 2
(NIRC2). On 2010 June 17.568, we obtained 10 images of 10 s

Figure 3. Deep late-time g-band imaging with Keck I/LRIS showing no host
galaxy at the position of PTF 09dav brighter than 26 mag. The registration
accuracy is 0.′′241. We denote the position of PTF 09dav with a 5σ position
error circle.

Table 1
Late-time Observations PTF 09dav

Date Phase Facility Exposure Filter Magnitude
(UT 2010) (day) (s)

May 15.612 279.7 Keck I/LRIS 1230 g >26.0
May 15.614 279.7 Keck I/LRIS 1030 R >24.8
June 17.568 313.7 Keck II/NIRC2 100 K ′ >21.1
July 9.584 334.7 Keck I/LRIS 1450 g >25.4
July 9.584 334.7 Keck I/LRIS 1200 R >26.2

co-added integrations. The zero point was derived relative to the
Two Micron All Sky Survey catalog (Skrutskie et al. 2006). No
source was detected to a 3σ limit of K ′ = 21.1 mag.

3.2. Nebular Spectroscopy

On 2009 November 11, only three months after maximum
light, a spectrum taken with LRIS on Keck I revealed that

3

Nebular spectra dominated by calcium.

Offset from host galaxies.
Kasliwal et al. (2012) ApJ 755 161

MR,peak = −15.5 to − 16.5

trise = 12− 15 days
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tions of host galaxy morphologies and associations to re-
gions of recent star formation. Both galaxy morphologies
(6/12 Ca-rich transient are associated with E/S0 galaxies
cf. ∼none out of thousands of CCSNe) and a complete lack
of association to star formation led the authors to argue
for very long-lived progenitors.1 This is consistent with the
findings of Yuan et al. (2013), who infer ages of the progen-
itors of Gyrs and find them to likely be metal-poor given
their large host offsets. The galactocentric distances of Ca-
rich transient appear extreme when compared to normal SNe
(Kasliwal et al. 2012) and can be tens of kpc away from their
putative hosts in plane-of-sky alone, a plausible explanation
could be that they are formed in globular clusters (GCs).
Their apparent preference for large galactocentric distances
and the extremely high calcium yield of their ejecta has been
suggested as a means to alleviate the discrepancies between
the high calcium abundance seen in intracluster media and
that which can be produced from models relying on SNe Ia
and CCSNe alone (Mulchaey, Kasliwal & Kollmeier 2014),
indicating these transients, although diminutive by other SN
standards, may have an important role to play in the chem-
ical evolution of large scale structure.

Recent effort into these peculiar transients has seen
a number of progenitor models being proposed. Massive
stars (Kawabata et al. 2010) appear disfavoured by cur-
rent observational analyses of the transients’ locations, al-
though relatively little study of the potential of such stars
to produce faint CCSN I (e.g. fallback SNe, Fryer et al.
2009) has been done. The ‘double degenerate’ scenario pro-
posed by Perets et al. (2010) involves the explosion of an
accreted helium-rich layer on the surface of a carbon-oxygen
white dwarf (WD), with simulations able to broadly repro-
duce the spectral and photometric evolutions of the class
(Waldman et al. 2011; Sim et al. 2012). Such a progenitor
would have the requisite long-lived nature and a preference
for low metallicity (Waldman et al. 2011).

This paper provides further constraints on the nature
of Ca-rich transients by analysing the locations of nearby
memebers of the class down to very deep limits and com-
paring with expectations for underlying systems. Details of
the observations and the transients analysed are presented
in Section 2, results are presented in Section 3 and discussed
in the context of potential progenitor systems in Section 4.

2 OBSERVATIONS

Two proximate (∼30–35 Mpc) examples of the Ca-rich tran-
sients sample were selected for deep optical imaging in or-
der to detect (or put stringent limits upon) any underlying
sources. Imaging was obtained with the FORS2 instrument
on the Very Large Telescope (VLT), details of these obser-
vations can be found in Table 1. Data were reduced and
calibrated using recipes from the FORS2 pipeline, accessed
from within the gasgano framework.

Additionally, data from the Hubble Space Telescope
(HST) data archive were obtained for SN 2003H, another
nearby Ca-rich transient at a distance of ∼26 Mpc. Details

1 A follow up analysis, presented in Lyman (2014), further rules
out progenitors with the lifetimes of CCSN progenitors, and
favours ages >100 Myr.

Table 1. VLT observations of Ca-rich transients

Transient Observation Filter Exposure time Seeing
Date (s) (arcsec)

2005E 22 Jan 2014 R 2400 0.8
2012hn 03 Feb 2014 B 3600 0.8

07 Dec 2013 R 3000 0.7

Table 2. HST observations of SN 2003H

Observation Filter Exposure time Limit
Date (s) AB-mag

1998-11-11 WFPC2/F336W 2000 25.1
1998-11-11 WFPC2/F439W 2000 24.3
1998-11-11 WFPC2/F555W 660 24.5
1998-11-11 WFPC2/F814W 720 23.8
2004-10-23 ACS/F555W 480 25.2
2004-10-23 ACS/F814W 720 24.6
2004-11-01 ACS/F435W 840 25.6
2004-11-01 ACS/F625W 360 25.5

of the observations are provided in Table 2. Two epochs were
obtained, the first prior to the explosion of SN2003H with
WFPC2 (GO 6483, Elmegreen), and the latter post explo-
sion utilizing the ACS/HRC (GO 10272, Filippenko). The
data were reduced via astrodrizzle to produce final co-
added, distortion corrected images. Given the limited dither-
ing for each observation we retained the native pixel scale
(0.1′′ for WFPC2 and 0.025′′ for ACS/HRC). For compar-
ison to the earlier WFPC2 images we also drizzled the HRC
images onto a larger pixel grid of 0.1′′per pixel.

3 RESULTS

Images of the transients’ locations from the FORS2/VLT
and WFPC2 and ACS/HST imaging are shown in Figs. 1
to 3. The location of SN 2012hn was found through star-
matching alignment with archival imaging containing the
luminous transient to obtain an accurate astrometric posi-
tion in our imaging. For SN 2005E, imaging with the lumi-

Figure 1. FORS2/VLT imaging of the location of SN 205E in R-
band. The transient location is marked in the zoomed-in section
with a yellow 1 arcsec (∼170 pc at the distance of NGC 1032)
aperture. Objects detected in the images near the transient’s
location are indicated by red circles. The zoomed-in section is
30×30 arcsec. North is up, east is left.

c© 2014 RAS, MNRAS 000, 1–8
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Figure 2. Same as Fig. 2 but for SN 2012hn in B- and R-band (left and right, respectively). The 1 arcsec aperture is ∼150 pc at the
distance of NGC 2272. The nearest object in each filter, as discussed in the text, is highlighted by an ‘A’ and ‘B’ label for B- and R-band
respectively.

Figure 3. HST imaging of the location of SN 2003H. The top
panels show WFPC2 observations taken in 1998, the lower pan-
els ACS/HRC observations obtained in 2004. Images are north
up and east left. The right hand panels show zoomed in regions
(corresponding to the green boxes on the left hand images). The
two circles represent the position of the transient as determined
from the host centroid and the offset star. The circles are 0.2′′ in
radius. While the SNe clearly lies on the stellar field of the merg-
ing host galaxy, close to the interface between the two, there is no
obvious point source visible at the SNe location, although a faint
star forming region is present offset approximately 1′′ to the SW
of the transient position (120 pc in projection).

nous transient detected was not available; the position used
is that given by the WCS fit to the images. These WCS
fits were found to be accurate when compared to SDSS cat-
alogue positions. The location of SN 2003H was found by
following offsets presented in Graham et al. (2003) from the
neighbouring host and a nearby star. The two offsets gave a
∼ 0.2 arcsec difference in the position. We adopt this as an
uncertainty on our astrometry within the images and, where
the uncertainty is significant, we include errors in photomet-
ric values by repeating measurements over this uncertainty
and providing the more conservative estimate in each case.

3.1 Limits at location of transients

Initially, aperture photometry was attempted at the loca-
tions SNe 2005E and 2012hn using 1 arcsec apertures.

No source was detected at the location of SN 2005E in

our R-band imaging. A 3σ magnitude limit was therefore
determined at the location and then corrected from 1 arcsec
to a large (4×FWHM) aperture. Galactic extinction was
accounted for (Schlafly & Finkbeiner 2011) with an R = 3.1
extinction law, host reddening was assumed to be negligible
given the large offset of SN2005E. The resulting magnitude
limit was mR > 27.4. Taking the distance modulus (µ) to
SN 2005E to be that of NGC 1032, µ = 32.66 mag2, we
obtain an absolute magnitude limit of MR > −5.26.3

Despite the large offset of SN 2012hn from its host
galaxy, symptomatic of Ca-rich transients, the location is
still located in a region of significant surface brightness from
NGC 2272 (Fig. 2). In order to subtract the shape of the
galaxy profile in these outer regions, a function was fit to
the background of the image. A two-iteration 3-sigma clip
was applied to pixels across the image to remove objects but
not affect the outer profile of the galaxy light (the central,
very bright regions of the host were clipped, but cleanly
subtracting the galaxy in these regions was not required).
A median mesh with a box size of 25 pixels was then con-
structed and fitted with a smoothed spline. The spline func-
tion was subtracted from the original pixel values and the
results are shown in Fig. 4. Although over-subtraction arised
near bright objects due to incomplete masking, the region
of interest (i.e. the location of SN 2012hn) was found to
have the large scale galaxy profile cleanly subtracted. As
with SN 2005E, no source was detected in either our B-
or R-band imaging at the location of SN 2012hn. Following
the same procedure as for SN 2005E, from the background-
subtracted images we find limiting magnitudes of any un-
derlying object to be mB > 27.8 and mR > 27.0. Taking
µ = 32.48 for NGC 2272 (from NED), these translate as ab-
solute magnitude limits of MB > −4.68 and MR > −5.48.

In contrast to the case of SN 2005E (which has es-
sentially no underlying background galaxy) and SN 2012hn
(which has a smoothly varying spheroidal component) the
location of SN 2003H lies between the merging galaxies NGC
2207 and IC 2163. This region clearly contains underlying
stars, and well as star formation, as is visible by large re-
gions of blue star formation in the HST imaging. However,

2 Taken from NASA/IPAC Extragalactic Database (NED)
3 This limit did not differ significantly when repeating measure-
ments over the ∼1 arcsec uncertainty on the position of SN 2005E,
as found when comparing catalogue star positions from the WCS
solution to star centres in the image.

c© 2014 RAS, MNRAS 000, 1–8

FORS2/VLT late-time imaging of gap transient locations.

MR > −5.26 MR > −5.48

MB > −4.68

Lyman, Levan, Davies, RC & Tanvir, submitted to MNRAS

SN 2005E SN 2012hn



Gap transient background limits

Limit excludes massive stars, globular clusters and almost 
all dwarf galaxies.

Implies that the progenitor was not born in location.

Lyman, Levan, Davies, RC & Tanvir, submitted to MNRAS
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Figure 7. Detection limits at the locations of four Ca-rich
trasients, SNe 2000ds (longest dash; MV = −4.65), 2005cz (long
dash; MV = −6.91), 2005E (short dash; MV = −4.84) and
2012hn (dotted; MV = −5.18), are shown compared with the
MV of local group dwarf satellites (McConnachie 2012). The lim-
its for 2005E and 2012hn were converted using the median colours
of dwarf galaxies from Mateo (1998), also shown are the 3σ limits
on this correction as corresponding thin gray lines.

transients, a dwarf satellite origin is disfavoured by the lim-
its present on these nearest Ca-rich systems.

4.3 Globular clusters

Globular clusters represent a promising birth site for
unusual transients at large galactic radii since their
dense stellar cores enable dynamical interactions to cre-
ate and harden exotic binaries, leading to greatly en-
hanced production of exotic systems (e.g. Davies 1995;
Davies & Benz 1995; Pooley et al. 2003; Ivanova et al. 2006;
Grindlay, Portegies Zwart & McMillan 2006). Hence it is
relevant to search for globular clusters directly under Ca-rich
transient positions. At these distances they should appear
as point sources to ground based observations.

Encounter rates in clusters will generally increase
with cluster mass (see for example equation 1 from
Davies, Piotto & de Angeli 2004). Indeed fewer than ten
globular clusters account for over half of all dynamical en-
counters occurring within the entire globular cluster popu-
lation of our Galaxy (e.g. Verbunt & Hut 1987, their figure
1). For example, the cluster 47 Tuc, accounts for some 10
per cent of all encounters.

The globular cluster luminosity function (GCLF) of
the Milky Way was constructed using the catalog of Harris
(1996) (2010 edition).5 Since the GCLF is well described by
a normal distribution (Harris 1991), we can ascertain the
probability of not detecting a faint, underlying GC by fit-
ting a normal distribution to the GCLF and extracting the
value of the cumulative probability density function at our
limits. This was performed on the raw GCLF and also on
the luminosity-weighted GCLF, since the ability for a GC

5 http://physwww.mcmaster.ca/~harris/mwgc.dat

to produce a transient will scale with the cluster mass, and
thus luminosity.

GCLFs for B- V - and R-band are shown in Fig. 8,
with limits from our observations shown. Also shown
are literature limits for SNe 2000ds and 2005cz from
Maund & Smartt (2005) and Perets et al. (2011), respec-
tively. As in Section 4.2, these were been converted using the
method presented in Sirianni et al. (2005), using the median
colour of globular clusters from Harris (1996) (2010 edition)
– B − V = 0.69. It is clear the deepest of these limits are
probing well down to the faintest GCs. Taking the combined
probabilities for all transients in each filter, we can rule out
the non-detections being due to underlying GCs on the very
faint tail of the GCLF at ∼ 3.5σ for R, with p-values of 0.01
and 0.03 for B- and V -bands respectively. When weighting
by luminosity, following the prescription in Harris (1991), an
underlying, undetected GC population is ruled out at 4−5σ

for each band.
The nearest detected object to SN 2012hn, which is con-

sistent with a GC at B−R > 1.7, is at a distance of ≥ 190 pc.
Such a large offset is difficult to reconcile with the more mod-
est radii of GCs, even when considering these are at substan-
tial host offsets and the Galactocentric distance to half-light
radius (rh) relation for GCs (van den Bergh 1994). For the
majority of GCs, rh < 10 pc, with a few per cent showing
10 ≤ rh ≤ 27 pc (Harris 1996) (2010 edition). Mackey et al.
(2006) present data for extended GCs, located at extreme
offsets to M31, however even these unusual clusters exhibit
rh

<
∼ 35 pc. As such, membership of SN 2012hn to this

system (if indeed it is a GC) is strongly disfavoured.

4.4 Kicked systems

The remote locations of these unusual transients
(Kasliwal et al. 2012) may be indicative of high velocity, or
runaway, systems. This possiblity becomes favourable when
coupled with the lack of detections of underlying systems
at their locations. Two main mechanisms can impart a high
velocity on a system – either through dynamical interaction
(e.g. Gvaramadze, Gualandris & Portegies Zwart 2009), or
through a SN kick in a binary (due both to mass loss and
natal kicks; e.g. Church et al. 2011).

Notwithstanding the complete lack of recent star for-
mation seen in half of the hosts of Ca-rich transients
(Lyman et al. 2013), a kicked scenario would also disfavour
a massive star origin. Given the short life times of massive
stars, it is difficult for such a star to survive out to tens of kpc
from their host (in plane of sky alone), which a large fraction
of Ca-rich transients show, before core-collapse without in-
troducing unreasonably high velocities. This has been noted
previously, with both Perets et al. (2010) and Kasliwal et al.
(2012) arguing against the case of massive runaways. One
can infer from this that the progenitors would have to be
lower mass (and thus longer lived) and also in binary sys-
tems, since there would be no (known) mechanism for a
single, low mass object to undergo explosion if unmolested.

The contribution of kicked-systems to the progenitors
of CCSNe and gamma-ray bursts (GRBs) has been analysed
previously (e.g. Eldridge, Langer & Tout 2011; Fong et al.
2013). In particular there are several parallels between Ca-
rich transients and short-duration GRBs (SGRBs) when
considering their host environments. SGRBs display a large

c© 2014 RAS, MNRAS 000, 1–8
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Figure 8. The GCLF from Harris (1996) (2010 edition). For
each filter, a normal distribution is fitted (solid line). Magnitude
limits for the Ca-rich transients analysed here are shown as verti-
cal dashed lines, also included are the post-explosion limits of
SNe 2000ds (Maund & Smartt 2005) and 2005cz (Perets et al.
2011). The luminosity-weighted GCLF is shown as a dot-dashed
line in each plot.

fraction of events at extreme offsets from their putative
hosts (Berger 2010; Fong & Berger 2013; Tunnicliffe et al.
2014) and do not appear to follow their host stellar light
(Fong, Berger & Fox 2010), with a large proportion of
SGRB hosts being early type (Fong et al. 2013). These prop-
erties appear to form a natural analog to those of the Ca-
rich transients and indeed imply that they may arise from
a similar progenitor system. In the case of SGRBs it is be-
lieved that the progenitors are NS-NS or NS-BH binaries,
with the recent detection of kilnovae offering evidence of
this model (Tanvir et al. 2013). These systems are kicked
due to supernovae and neutron star natal kicks, and the
locations of the SGRBs around the hosts is broadly con-
sistent with the expectations of these models Church et al.
(2011); Berger (2013). For Ca-rich transients it seems un-
likely that such progenitors should produce these events, al-
though their peak magnitudes and evolution timescales are
similar to those predicted for kilonovae (Metzger & Berger
2012). An alternative is that they arise from WD-NS merg-
ers, which can be produced via similar routes to those postu-
lated for NS-NS and NS-BH systems (Davies, Ritter & King
2002; Church et al. 2006), and indeed these have been sug-
gested as progenitors for Ca-rich transients (Metzger 2012).
In a forthcoming paper (Church et al. in prep) we will con-
sider whether the observed locations are consistent with the
expectations of WD-NS models.

5 CONCLUSIONS

We have presented deep observations of a small sample of
very local < 50 Mpc Ca-rich transients, using recent VLT
and archival HST observations. These observations yield no
clear detections, but provide the strongest constraints on the
progenitors and the host systems thus far. Limiting magni-
tudes are fainter than massive (> 10 M!) stars and young
star clusters, ruling out massive stars as the progenitors.
Faint dwarf satellites hosts are strongly disfavoured from a
comparison to the luminosity of satellites around local galax-
ies. Underlying globular clusters are ruled out from compar-
ing the limiting magnitudes to the distribution of Galactic
systems. Given a lack of detected systems, the extremely
low stellar densities at the large galactocentric offsets a large
fraction of Ca-rich transients exhibit means their production
would have to be enormously enhanced in the physical con-
ditions of these locations in order to avoid a correlation with
the stellar light of their hosts.

Our preferred interpretation is that Ca-rich transients
are not born at the sites where they explode. Hence we
favour models in which the progenitors have been kicked
from their birth sites, most likely due to supernova kicks,
with a delay time distribution before explosion extending to
long time-scales to explain the large galactocentric offsets.
In this case, WD-NS mergers may represent a promising
progenitor channel. Given the similarities in the evolution
routes to produce NS-NS and WD-NS binary systems, the
Ca-rich transients would then provide new constraints on
the likely creation rate of all double compact object bina-
ries, and have broad implications for both near term high-
frequency, and long term low frequency gravitational wave
searches.

c© 2014 RAS, MNRAS 000, 1–8
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Possible gap transient progenitor

If the mass transfer is unstable, the white dwarf will be 
tidally disrupted into an accretion disc.

Nuclear burning in the accretion disc can produce the 
observed calcium.                      (Metzger 2012, MNRAS 419 827)

These binaries contain a neutron star.  Hence the 
supernova kick could be responsible for the offset.

Binaries containing a white dwarf and a neutron star 
merge due to gravitational wave emission.



Stable mass transfer from primary

Initial main sequence–main sequence binary

Helium star–main sequence star binary

First supernova

Black hole–main sequence star binary
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Final supernova

Evolutionary pathway to compact binaries



Evolutionary pathway to WD-NS binaries
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Population synthesis

Population synthesis including stellar evolution 
reproduces all Galactic NS-NS and WD-NS binaries.

RC et al. (2011) MNRAS 413 204; RC et al. in prep.
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Space velocities and merger times
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SGRB host offsets
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Gap transient host offsets
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Uncertainties in offset prediction

Possible origins of under-predicted offsets for merging 
compact binaries include:

Binaries formed dynamically in globular clusters.

Host misidentification.

Evolution of host galaxies.

Over-estimated host gravitational potential well.

Supernova kick uncertainties.



Conclusions

Both short gamma-ray bursts and calcium-rich “gap” 
transients are systematically offset from their host 
galaxies.

For nearby gap transient hosts formation in situ can be 
excluded.

For both classes of system this favours an origin in 
merging compact binaries.


