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Fig. 15.— HR as a function of host-galaxy mass for the PM (left panel) and MZS (right

panel) samples. Blue squares represent Phot-Ia and green circles represent Spec-Ia. LINMIX

linear fit to the data are shown in dashed black. We find the significance of a non-zero slope

for the PM sample is ⇠ 5� and for the MZS sample is ⇠ 3�. The red squares represent

inverse-variance weighted bins, where each bin contains an approximately equal number of

high and low mass galaxies. For the PM and MZS samples, the data is split at 10.5 and 10.2

dex, respectively. In both samples, the di↵erence in the high and low mass bins is ⇠ 0.07

magnitudes.
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Why host matching matters

‣ Current & future surveys (DES, 
LSST) rely mainly on host galaxy 
spectra to obtain redshifts:  
‣ to use as a prior when 

photometrically typing a SN 
‣ to place the SN on a Hubble 

Diagram (x-coordinate) 
!
‣ SN luminosities are known to 

correlate with host galaxy 
properties, so reliable 
identification of host galaxies is 
essential for cosmology and SN 
science 

R. C. Wolf et al. (in prep)
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Why host matching isn’t always easy
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Figure 3.1 Diagram illustrating the host matching technique. The green circle represents
the SN while the ellipses represent galaxies that are potential hosts. See the text for a
complete description of the labeled parameters.

center of the galaxy and to celestial north. The angle q is the angle that the SN makes

with the semi-major axis. The directional light radius r(q) is effectively the radius of the

galaxy in the direction of the SN and is the quantity in which we are interested. The basic

steps of the procedure are outlined as follows:

1. Compute f , g , a
b from parameters obtained from the DR8 Catalog Archive Server

(CAS)1

2. Calculate q from f , g

3. From the equation of an ellipse and some measure of a, get directional light radius

r(q)

4. Identify the object that is nearest the SN (in units of that object’s directional light

radius) as the host.
1
http://skyservice.pha.jhu.edu/casjobs/

50

DES13C2ryh
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http://skyservice.pha.jhu.edu/casjobs/

50

DES13C2ryh

• Use apparent size of nearby galaxies in addition to 
angular separation to determine host 

• directional light radius (DLR) = separation of SN from  
galaxy in units of galaxy’s apparent size

≈ 2 DLR

≈ 5 DLR
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Starting Point: SDSS Supernovae
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‣ SDSS Data Release: Compile 1736 SNe (of all types, with redshifts) 
‣ Construct SN-host physical distance using z and assumed 

(ΛCDM) cosmology 
‣ Construct distribution of SN orientation w.r.t host axis 

‣ Use these as assumed distributions for placing DES SNe locations
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randomly sample  
best-fit exponential  

from SDSS

use galaxy photo-z 
to get angular  

separation

Use DES SVA1_COADD catalog to place “SNe”
‣ Test case: SN-C1 shallow field 
‣ Sculpt photo-z distribution of galaxies to roughly match 

expected SN Ia z distribution 
‣ Placed ~2000 DES “SN locations” (coordinates) on galaxies, 

according to assumed SDSS distributions.
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randomly sample  
best-fit exponential  

from SDSS

use galaxy photo-z 
to get angular  

separation
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Use DES SVA1_COADD catalog to place “SNe”
‣ Test case: SN-C1 shallow field 
‣ Sculpt photo-z distribution of galaxies to roughly match 

expected SN Ia z distribution 
‣ Placed ~2000 DES “SN locations” (coordinates) on galaxies, 

according to assumed SDSS distributions.
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‣ Host galaxy position angle 
‣ Host galaxy axis ratio, a/b	

‣ Host galaxy size

Each “SN” has a 
known true host 
with true separation 
(in arcsec and DLR)
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Necessary DES catalog parameters for placement

‣ Host galaxy position angle 
‣ Host galaxy axis ratio, a/b	

‣ Host galaxy size

Each “SN” has a 
known true host 
with true separation 
(in arcsec and DLR)
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‣ Hosts are real DES galaxies (positions, photo-z’s, A_IMAGE, 
B_IMAGE, THETA_IMAGE) 

‣ SN separation, angle w.r.t host dictated by assumed SDSS 
distributions 

‣ Ran current DES SN host matching algorithm on SN 
‣ Correctly recovered 97% of the ~2000 hosts
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Purity & Efficiency of host matching for test case

‣ Efficiency = 
cumulative sum 
(normalized) of the 
DLR distribution 

‣ Purity = in each bin, 
# of correct matches/ 
total # in bin
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In search of better SVA1_COADD parameters
Problem 1: The *_IMAGE parameters are raw measurements, 
not corrected for PSF.



Position angle 
!
!
Axis ratio 
!
!
Size (r_eff)
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In search of better SVA1_COADD parameters
Problem 2: The MODEL_WORLD parameters for A, B, THETA 
are absent from the database. 
Workaround: Try to use what exists to get better (PSF-
corrected) parameters I need.

ELLIP1MODEL WORLD [GRIZY] = e1 = |e| cos(2✓)
ELLIP2MODEL WORLD [GRIZY] = e2 = |e| sin(2✓)

1

ELLIP1MODEL WORLD [GRIZY] = e1 = |e| cos(2✓)
ELLIP2MODEL WORLD [GRIZY] = e2 = |e| sin(2✓)

✓ = 0.5 ⇤ atan2(e2, e1) ⇤ 180/pi

1

THETAMODEL_WORLD 
in deg (E of N? N of W?)

ELLIP1MODEL WORLD [GRIZY] = e1 = |e| cos(2✓)
ELLIP2MODEL WORLD [GRIZY] = e2 = |e| sin(2✓)

✓ = 0.5 ⇤ atan2(e2, e1) ⇤ 180/pi

e21 + e22 = |e|2

|e| = a� b

a+ b

|e| = a2 � b2

a2 + b2

1
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a2 + b2

1

?   or ?
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ELLIP2MODEL WORLD [GRIZY] = e2 = |e| sin(2✓)
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e21 + e22 = |e|2

|e| = a� b

a+ b
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a2 + b2

1

ELLIP1MODEL WORLD [GRIZY] = e1 = |e| cos(2✓)
ELLIP2MODEL WORLD [GRIZY] = e2 = |e| sin(2✓)

✓ = 0.5 ⇤ atan2(e2, e1) ⇤ 180/pi

e21 + e22 = |e|2

|e| = a� b

a+ b

|e| = a2 � b2

a2 + b2

MAG MODEL [GRIZY] =

mag from model-fitting

MU EFF MODEL [GRIZY] =

SB above bkg (mag/arcsec

2
)

1

ELLIP1MODEL WORLD [GRIZY] = e1 = |e| cos(2✓)
ELLIP2MODEL WORLD [GRIZY] = e2 = |e| sin(2✓)

✓ = 0.5 ⇤ atan2(e2, e1) ⇤ 180/pi

e21 + e22 = |e|2

|e| = a� b

a+ b

|e| = a2 � b2

a2 + b2

MAG MODEL [GRIZY] =

mag from model-fitting

MU EFF MODEL [GRIZY] =

SB above bkg (mag/arcsec

2
)

Flux = (Flux/Area)⇥Area
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In search of better SVA1_COADD parameters

Position Angle

THETA_IMAGE measured CCW from +X (N of W) 
THETA_WORLD measured CCW from WORLD X (WORLD X = ?)
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In search of better SVA1_COADD parameters

Axis Ratio

I believe 
  
is the correct relation, as it 
gives physical values in the 
expected range (someone 
please confirm!)

ELLIP1MODEL WORLD [GRIZY] = e1 = |e| cos(2✓)
ELLIP2MODEL WORLD [GRIZY] = e2 = |e| sin(2✓)

✓ = 0.5 ⇤ atan2(e2, e1) ⇤ 180/pi

e21 + e22 = |e|2

|e| = a� b

a+ b

|e| = a2 � b2

a2 + b2

1
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In search of better SVA1_COADD parameters

Size (r_eff)

‣ Is this estimate of 
size reasonable? 

‣ r_eff does not seem 
to correlate with 
other measures of 
size in the table 

‣ Is there a better 
parameter that could 
be used?
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Parametrizing Host Confusion

18
Figure 1: Distribution of host confusion parameter, HC binned linearly (left) and in log-space
(right)

Figure 2: LEFT: Di↵erence between SN photo-z and host galaxy photo-z as a function of the log
of the host confusion parameter. No discernible trend is seen. RIGHT: Same, but with host galaxy
spec-z instead of photo-z.
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Parametrizing Host Galaxy Confusion

25 June 2014

1 Definition of HC

Host galaxy matching is performed by searching within R00 of the SN candidate position. Distances
from the SN position to each potential host are measured in units of arcseconds and also in units
of DLR. These separations for the ith host are denoted Si and Di, respectively.

Si = separation distance of ith host (arcseconds)

Di = separation distance of ith host (DLR)

For a pair of potential hosts, i and j, we define the di↵erence in their separation from the SN
as

�Sij = Si � Sj

�Dij = Di �Dj

From this, we aim to define a quantity that parametrizes the likelihood of host confusion or mis-
matching for a given SN. Let’s call this quantity HC:

HC =

8
>><

>>:

0 if N = 1
0

@
X

pairs i,j

min(S)

|�Sij |

1

A+

0

@
X

pairs i,j

min(D)

|�Dij |

1

A if N > 1

Here min(S) and min(D) correspond to the hosts with the smallest separation in units of
arcseconds and DLR, respectively. Note that the host with the smallest angular separation is not
necessarily the host with the smallest dDLR. HC has the desired behavior of being small when the
di↵erences between the potential hosts are large (low density, low degree of confusion) and large
when these di↵erences are small (high density, high degree of confusion).

The terms in the numerators account for cases where S1(D1) ⇡ 0 and S2 ⇡ S3(D2 ⇡ D3) & 1
by down-weighting the {ij} = {23} term.
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Investigating incorrect host matches
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