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Results shown use gamma-ray and
radio light curves from the
forthcoming Second LAT Catalog
of Gamma-ray Pulsars (2PC)
many thanks owed to D. A. Smith
(CNRS/IN2P3 & Uniyv. of
Bordeaux), O. Celik (NASA

GSFC), M. Kerr (Stanford), P. den
| Hartog (Stanford), PTC members,
and others.
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Strategy & Goals

Geometric Simulations:

Use vacuum, retarded dipole B-field (Deutsch
'55).

Assume constant emissivity, radiation-reaction
limit, curvature radiation.

R =10km,I=10" gcm’, dP/dt=10"ss".

NS

Define accelerating and emitting gaps on
pulsar surface as specified sets of magnetic
footpoints (see Venter+ '09 & Johnson '11).

Simulate for 1.5, 2.5, 3.5, 4.5, & 5.5 ms with
1° steps in magnetic inclination (o) and
viewing ({) angles and 2.5% polar cap opening
angle.

Light Curve Fitting:

Full radiation sims. time consuming, source-
specific tailoring.

Geometric models, fit many MSPs,
marginalize over uncertainties introduced by
simplifying assumptions.

Joint radio and gamma-ray fit allows for extra,
necessary constraints.

Produce confidence contours and uncertainties
on other best-fit parameters.

Predict how geometry might change under
different assumptions.




Null-charge

Emission

Vacuum
i accelerating

Light gap
cylinder

OG model

(e.g.; Cheng+ 86 &
Romani &
Yadigaroglu '95)

Two-Pole Caustic

: Accelerating

gap and

emission
layer

Light
Cylinder

TPC model

(Dyks & Rudak '03)
taken to be a
geometric slot-gap
(e.g.; Muslimov &
Harding '04)

Gamma-ray Models

Low-altitude Slot Gap

Q

Emission
region

Light
Cylinder

(Venter+ '12) not
uniform emissivity

Pair-starved Polar Cap

Q

Accelerating
and emitting
region

Light
Cylinder
PSPC model
(e.g.; Harding+ '05)
not uniform emissivity
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Class I: Gamma-ray peak(s) lag radio
Similar to young, non-recycled gamma-ray pulsars
Fit with TPC and OG models
Implies more pair-production than expected, offset dipoles?

Class II: Gamma-ray and radio peaks/features occur at ~ same phase
Fit with altitude-limited TPC/OG and 1aSG models
Implies extended radio emission region, caustic emission
Only seen in the Crab pulsar among young pulsars but 6 MSPs, why?

Class III: Gamma-ray peak(s) lead radio by ~0.2 in phase
Fit with PSPC model
Narrow gaps not formed, why?
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Single-altitude, hollow-cone beam (with core, based
on polarization) for class I and IIT MSPs. | ROTATION AXIS MAGNETIC

CONAL
BEAM
BOUNDARY

OBSERVER
SIGHTLINE

—0.26
v

1GHz

i _40 P 0.07 £ 0.3
K6 10 Pss ! 1s

(Kijak & Gil '03, units of RNS)

For class II MSPs use extended emission regions, co-
located with gamma-ray emission regions, perhaps a
combination?
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Gamma-ray
Space Telescope
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Class IIT MSP, phase-lag definition is
tricky, but TPC and OG don't work.

— T
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90
80 .
= oG .
70E-|v psec Best-fit o vs. P for class I MSPs,
E o ame i g uncertainties are 95% confidence level.
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P (ms)
Likelihood differences only significantly prefer
one model over the other for 7 of 27 MSPs.
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Gamma-ray luminosity corrected for best-fit fg, black stars

are from 2PC, all values use statistical errors only.
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energy flux distance

\ /

L =4nf Gd
Y Q

beaming-correction factor
Can estimate from
simulations, assumed to
be 1 in 2PC.
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Gamma-ray and radio light curve fits for the 40 MSPs in 2PC
(a,0) confidence contours for all fits
27 class I—best fit by TPC (15) or OG (12)—need mix of these two models
6 class II—best fit by alTPC (4), alOG (4), or 1aSG (1)
7 class III—best fit by PSPC model

Trends 1n viewing geometry
C preference near 90°
o over all angles, possible P-dependent lower limit

Beaming-correction factor estimates
typically ~1, a few >100% efficiency MSPs not simply due to geometry

Future
off-set dipoles (Harding & Muslimov '11)
finite conductivity magnetospheres
explore higher-altitude and more complex radio beams

14
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Scan over the model phase space, optimizing model
normalizations at each grid point

Poisson Likelihood for gamma-ray light curve
d = counts in i" bin q [ ] '

l _ th 14 milexp o
mi—model value in 7" bin ln(Ly):]n H

¥ statistic for radio profile, estimate of radio error important.

G, = radio error est.
In(L,)=—05)

2
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Standard c estimated as maximum value of radio light curve bins times average relative
uncertainty from on-peak interval of gamma-ray light curve. If using more radio bins, c

decreased by ratio of gamma-ray to radio bins.

Factor of 2 change in c results in < 30° change in o and/or {. Class II and III MSPs less

strongly affected.

5% change in gamma-ray background estimate does not strongly affect geometry but can affect
-In(likelihood) value by as much as 7, need -In(likelihood) different by at least 15 for
difference to be significant.

Departing from vacuum, retarded-dipole approximation will increase predicted gamma-to-
radio phase lag by up to ~0.1, accounting for this results in <10° change in o and/or C.

18
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