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PSR J1816+4510
• 3.2 ms, discovered as part of GBNCC survey (Stovall et al. 2013)

• Orbital period 8.66 hours; companion mass ≳ 0.16 M☉

• Eclipsed for 10% of orbit, γ-ray pulsations

➡Looks like black-widow/redback (e.g., Roberts 2011)
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Optical Companion
• Bright (R=18.5) hot (T≈16,000 K) counterpart from archival data

• Spectra: low-gravity (log(g)≈5.0), dominated by Balmer lines

• Also see strong He I, metals → proto-DABZ?
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Masses
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ISIS
DBSP(1)
LRIS(1)
DBSP(2)
LRIS(2)

343±7 km/s edge on:
MNS=1.84±0.11 M☉
Mc=0.193±0.012 M☉High MNS for low Mc & full recycling: 

➡significant mass & angular momentum transfer (van 
Kerkwijk+ 2011, Romani+ 2012, Tauris+ 2012, ...)
➡Merge in < 1 Gyr
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Evolution

782 J. A. Panei et al.

3.63.94.2

-4.0

-2.0

0.0

2.0

3.63.84.0

-2.0

0.0

2.0

L
o
g
( 

L
 /

 L
su

n
 )

3.63.94.24.5

Log( T
eff

 )

-4.0

-2.0

0.0

2.0

3.63.94.24.54.8

-4.0

-2.0

0.0

2.0

4.0

A

B

B

D

E

F
0.1869 M

sun
G

A
C

C

D

E

F

G

H

0.1604 M
sun

I

He-core

J
0.2495 M

sun
0.3056 M

sun

A

B

C

D

E

F

G

H
I

J

I
H

G

F

E

D

C

B

A

Figure 1. HRDs for He-WD evolution of 0.1604, 0.1869, 0.2495 and 0.3056 M!. Point A denotes the end of binary evolution. The three more massive WDs

experience several hydrogen-shell flash episodes before reaching the final WD cooling branch. Characteristics of the models labelled by letters are given in

Table 3.

these flashes do not occur for stellar masses lower than ∼0.17 M!.

In addition, the occurrence of flashes in the massive sequences is in

agreement with the results of Althaus et al. (2001) and are a con-

sequence of diffusion. Indeed, for these massive WD sequences,

hydrogen flashes are absent if element diffusion is not considered.

This is in agreement with the predictions of other authors (who do

not consider diffusion) that thermonuclear flashes do not occur for

stellar masses larger than 0.25–0.30 M!.

To better clarify the role of diffusion in the chemical evolution,

we show in Figs 5–7 the inner abundance distribution of 1H, 4He,
12C, 14N and 16O as a function of the outer mass fraction q (q =

1−mr/M∗). Fig. 5 corresponds to a He-WD model with 0.3333 M!,

and Figs 6 and 7, to He- and O-WD models, respectively, with

a mass of 0.4481 M!. In each figure, panel A depicts the initial

chemical structure as given by binary evolution, before the model

reaches the early cooling branch for the first time. Clearly, diffusion

processes acting during the WD cooling track strongly modify the

shape of the chemical profiles, causing hydrogen to float to the

surface, and helium and heavier elements to sink down. Note the

presence of a tail in the hydrogen distribution digging into deeper

and hotter layers as evolution proceeds on the cooling branch. At

high effective temperatures, this effect favours the occurrence of

thermonuclear flashes. Note also how hydrogen goes to surface as

the star evolves to the WD domain. Eventually, the pre-WD with

an initially H- and He-rich envelope turns into an object with a

pure hydrogen envelope (see also Tables 3 and 4). This behaviour

is in sharp contrast with the results without diffusion, in which

case the outer profile of chemical distribution remains constant and

it is fixed by the pre-WD stage. The role of the stellar mass is

also clear. For instance, from panel F note that gravitational settling

has diffused heavier elements than hydrogen from the outermost

10−5M∗ of the He-WD 0.4481 M! model, as compared with the

0.3333 M! sequence at the same evolutionary stage (L ≈ 1 L!) for

which at this depth abundances have not yet changed. The behaviour

for the O-WD models is qualitatively similar (compare Figs 6 and

7). In the case of the 0.4481 M! O-WD model, note the presence of

an oxygen-rich core of about 0.82M∗ formed during the progenitor

evolution.

It is important to note that models without diffusion also expe-

rience thermonuclear flashes, but, as we mentioned, in presence of

diffusion it is possible to carry hydrogen to inner and hotter regions

and to induce additional flashes, which are critical for the further

evolution of the star. These additional flashes will be responsible for

the fact that the final hydrogen-rich envelope of the models becomes

much thinner than in the case without diffusion. The reduction of the

hydrogen-rich envelope after flash episodes is clear from examining

Fig. 8 which depicts the evolution of the total hydrogen mass MH

(in units of M!) versus age (in units of 106 yr) for 0.1604, 0.1702,

0.1869, 0.2026, 0.2495, 0.3056 and 0.3333 M! He-WD models.

Note that because the lack of hydrogen flashes in the 0.1604 M!
sequence, the envelope is not appreciably burnt in this case. The

situation for our O-WD sequences is depicted in Fig. 9. The de-

picted evolutionary stages correspond to those following the end

of mass transfer episodes after binary evolution. Note the hydro-

gen consumption that takes place after the last diffusion-induced

flash episode. As a result, the hydrogen content is markedly smaller

C© 2007 The Authors. Journal compilation C© 2007 RAS, MNRAS 382, 779–792

Panei et al. (2007)
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• Irradiation unlikely to be important: Ė/4πa2~3%σT4

• Not like black widow, more like proto-helium core WD

• Possibly coming off cycle of shell flashes
➡Very early stage in evolution of He-core WD?
➡Very recent recyling as well?

From Panei et al. (2007)
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Metals?
• He, Ca, Si, Mg, Fe

• all at roughly 10x solar 
abundance (wrt H)

• Accretion unlikely? 
• relativistic wind of 

pulsar 
• + ionized wind of 

companion

• +supersonic velocity

• Dredge-up from shell 
flash & long sedimentation 
time?
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Metals?
Seem ubiquitous for log(g)<5.6

low-mass (<0.3 M⊙) only
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Conclusions: J1816
• Massive neutron star & low-mass companion in 

8.66 hour orbit

• Evolving into normal MSP-WD system?

• First MSP-WD system with eclipses?

• Origin of metals not circumstellar

• Metal lines allow unique probes of the system 
(rotation, systemic velocity)

• Photometric variability allows additional probes 
of geometry
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PSR J0337
Arecibo

WSRT

SDSS r
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PSR J0337
• Bright (r=18.5) counterpart 

visible in SDSS, GALEX

Arecibo

WSRT

SDSS r
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PSR J0337
• Bright (r=18.5) counterpart 

visible in SDSS, GALEX

• Spectra consistent with low-
mass He WD (log(g)≈6)

Arecibo

WSRT

SDSS r
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PSR J0337
• Bright (r=18.5) counterpart 

visible in SDSS, GALEX

• Spectra consistent with low-
mass He WD (log(g)≈6)

• Inner companion of triple: 
outer is likely CO WD, but 
could be late-type M star
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Radial Velocities
• 20 observations with Gemini

• Individual precision ~6 km/s

• Mass ratio determined to 
1% (preliminary):

• Mpsr sin3i=0.36(1) M⊙

• Mc sin3i=0.050(2) M⊙

• 1.4 M⊙ for i=39°

• d=1.2 kpc

• 1σ evidence for 3rd body in 
RVs

• Better analysis & more data 
coming
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