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Talk	Outline	

•  Introduc,on	
– Fermi	GBM	
– Techniques	

•  Sources	–	Be	X-ray	binaries	
– XTE	J1946+274	
– EXO	2030+375	
– V0332+53	

•  Summary	and	Conclusions	
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GBM	BGO	
Detectors	(2)	
150keV	–	40	MeV	

GBM	NaI	
Detectors	(12)	
8	keV	–	1	MeV	

LAT	

Fermi	Gamma	Ray	Burst	Monitor	(GBM)	
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GBM	Pulse	Searches	
	
• 	Daily	Blind	Search		
• 	24	source	direc,ons	equally	spaced	on	the	galac,c	plane	+	
LMC	and	SMC.		
• 	Each	direc,on	-	FFT	based	search	from	1	mHz	to	2	Hz.	

• 	Source	Specific	Searches.			
• 	Small	ranges	of	frequency	and	frequency	deriva,ve	
• 	Phase	shiding	and	summing	pulse	profiles	from	short	
intervals	of	data	
• 	Barycentered	and	possibly	orbitally	corrected	,mes.		
• 	Typical	exposure	,mes	are	~40	ks/day.	

• 	Detec,ons	–	Total	of	37	systems	monitored	
• 	8	of	8	persistent	sources	
• 	26	of	29	transients	
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Blind	Pulse	Search	

Blind	pulse	search	in	20-50	keV	band,	for	2010	January	8.	
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hgp://gammaray.nsstc.nasa.gov/gbm/science/pulsars	
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XTE	J1946+274	–New	Orbital	Solu,on	
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Figure 4. Orbit determination: The upper panel (a) shows the observed evo-
lution of barycenter corrected pulse period values obtained with Fermi-GBM
(red squares), Suzaku-PIN (dark blue square), RXTE-PCA (green squares),
and Swift-XRT (light blue squares). It also shows the overall modeled pulse
period evolution (black), the modeled intrinsic spin period evolution (pur-
ple), and the orbital motion e↵ect (orange) for the DISK model. The BAT
15–50 keV light curve is overplotted in gray. The lower panels show the resid-
uals for fitting (b) the DISK model and (c) the WIND model to the observed
evolution. Both models include intrinsic and orbital e↵ects, but di↵er in the
choice of the luminosity exponent ↵. The model uncertainties are taken into
account in the residuals and in the overall model and intrinsic spin period
evolution drawn as a band in lighter colors. Panel (d) shows the Monte Carlo
simulation of the model uncertainties: As described in the text the Swift-BAT
light curve was randomized within its uncertainties, resulting in a di↵erent
best fit of equation (4) to the pulse periods during each run. The standard
deviation of all calculated pulse period evolutions at the times where period
measurements are available is shown for di↵erent assumptions of ↵ in black
(DISK) and red (WIND). These values are interpreted as model uncertainties
for the final fits.

profiles from 2010 October 12 (end of the second outburst)
and the RXTE-PCA pulse profiles from 2010 June 26 (ObsID
95032-12-02-00, peak of the first outburst). The latter were
obtained using the same light curve extraction criteria as Müller
et al. (2012) used for the full PCA energy band and applying
epoch folding with the local period of 15.764 s determined by
their analysis. This comparison emphasizes that the shapes of
the profiles obtained from the two instruments are very similar,
especially at higher energies, despite the large di↵erence in
flux:

10–20 keV flux :
(

1.57 ⇥ 10�9 erg s�1 cm�2 PCA,
2.10 ⇥ 10�10 erg s�1 cm�2 Suzaku,

20–40 keV flux :
(

1.12 ⇥ 10�9 erg s�1 cm�2 PCA,
1.30 ⇥ 10�10 erg s�1 cm�2 Suzaku.

The Suzaku fluxes were derived from the spectral best fit model
presented in §4.1 and the RXTE-PCA fluxes from the spectral
best fit of the averaged observations during the peak of the first
outburst (epoch 1 fit of Müller et al. 2012).

3.3. Orbit Determination
The observed pulse period over time as measured by an

observer is due to the intrinsic spin-up or spin-down of the
neutron star, caused, e.g., by accretion torques, and on due
to the Doppler shift by orbital motion. Usually the Doppler
shift dominates changes in the measured pulse period. For
XTE J1946+274, however, the neutron star undergoes a strong

spin-up during outbursts such that the orbital parameters of the
system could not be constrained well in the past.

Wilson et al. (2003) were able to describe the pulse frequen-
cies as measured by CGRO-BATSE and RXTE-PCA during
the outburst series between 1998 and 2001 using a piece-wise
linear approximation of the intrinsic spin-up. Their best fit
with a reduced �2 of �2

red = 5.94 for 37 degrees of freedom
(d.o.f.) shows that this simplified approximation cannot give a
good description of the measured period evolution.

In the most simple model for the angular momentum transfer
of the infalling material onto the neutron star (Ghosh & Lamb
1979), the period change of the neutron star is connected to the
luminosity L via

� Ṗ / P2L↵ (2)

where ↵ = 1 for wind and ↵ = 6/7 for disk accretion. As-
suming that the luminosity of the source is proportional to the
measured flux F, the pulse period at the time t is then given by

P(t) = P0 + a(t � t0) � b
Z t

t0

 
P(t0)
P0

!2  
F(t0)
Fref

!↵
dt0 (3)

where P0 is the pulse period at the reference time, t0, b is the
torque strength, and Fref is a reference flux. The model also
takes a constant spin-change, a, into account, which could be
caused, e.g., the propeller e↵ect (Illarionov & Sunyaev 1975).
We obtain the observed pulse period Pobs(t) by applying the
Doppler shift caused by the orbital motion to P(t) as defined
in equation (3):

Pobs = P(t)(1 + v(t)/c) (4)

where v(t) the orbital velocity of the neutron star projected on
the line of sight and where c is the speed of light. The orbital
parameters needed to calculate v(t) are the orbital period, Porb,
the time of periastron passage, ⌧, the projected semi-major
axis, asm sin i, where i is the inclination, the eccentricity e, and
the longitude of periastron !, such that

v(t) =
2⇡asm sin i

Porb(1 � e2)1/2 (cos(✓(t) + !) + e cos!) (5)

where ✓(t) is the true anomaly found by solving Kepler’s equa-
tion, which itself depends on the orbital parameters listed
above.

During the activity of XTE J1946+274 in 2010 and 2011,
various X-ray and gamma-ray missions observed the source
(see §2 and Table 1 for details), such that the pulse period
evolution is known in great detail especially from Fermi-GBM.
We searched for pulsations near the GBM period for Suzaku-
PIN, RXTE-PCA, and Swift-XRT using the epoch folding
technique. For the PIN we determined a pulse period of
15.750025(27) s, see §3.2. For PCA, we used PCU2 top-layer
light curves, extracted in GoodXenon mode with a time res-
olution of 0.125 s. The XRT data were taken in Windowed
Timing mode. The XRT light curves were obtained from a
⇠ 0.05 region centered on the source position and rebinned to a
1 s time resolution. The initial uncertainties of the measured
pulse periods were estimated by Monte Carlo simulations,
where synthetic light curves of the source based on the ob-
served pulse profile were searched for the pulse period. The
uncertainties of the periods measured by Fermi-GBM were
provided by the GBM Pulsar Project. The measured pulse
periods of XTE J1946+274 are shown in Figure 4.

In order to compute the pulse periods via equation (3), we
used the 1 d binned, 15–50 keV Swift-BAT light curve of the
source as the bolometric flux evolution F(t) and choose Fref =

Marcu-Cheatham,	D.	et	al.	2015,		ApJ	in	press,	arXiv:1510.05032v1	

Parmeter	 Disk	 Wind	

axsini	[lt-s]	 471.2+2.6-4.3	 471.1+2.7-2.8	
Porb	[d]	 172.7±0.6	 171.4±0.4	

τ	[d]	 55514.8+0.8-1.1	 555515.5+0.8-0.7	

eccentricity	 0.246±0.009	 0.266±0.007	

ω	(°)	 -87.4+1.5-1.7	 -87.1+1.2-1.0	

•  Discovered	with	RXTE	in	1998	
•  15.8	s	pulsa,ons	with	BATSE	
•  Ac,ve	1998-2001,	2010-11		
•  GBM	(red)	–	spin	periods,	

RXTE	(green),	Swid/BAT	
(grey)	–	fluxes	

•  2-3	outbursts	per	orbit	
•  GBM	data	crucial	to	orbit	

determina,on	
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EXO	2030+375	(Ps=	42	s,	Porb	=	46	d)	
•  Discovered	during	a	giant	outburst	in	1985	with	
EXOSAT;	Second	giant	outburst	in	2006	(RXTE)	

•  Transi,oned	to	spin	down	in	1995;	In	2014,	
transi,oned	to	neither	spin-up	or	spin	down	
(frequencies	flagened)	

•  Abruptly	shided	in	outburst	orbital	phase	in	1995	
accompanied	by	drop	in	outburst	flux;	in	2015,	
ouburst	flux	has	again	dropped.	

•  Detected	in	outburst	at	nearly	every	periastron	
passage	since	1991,	unlike	most	Be	X-ray	binaries.		

•  Correlated	peak	flux	and	orbital	phase	of	outburst	
peak	–	delay	of	accre,on	from	Be	disk	onto	NS	
due	to	accre,on	disk?	
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EXO	2030+375	Long		Term	Behavior	

Flux	

Spin	Frequency	

Orbital	Phase	

Time	(date)	
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GBM	Observa,ons	of	V0332+53	

•  V0332+53	–	4.3	s	pulsar	orbi,ng	an	O8-9Ve	star	in	a	34.25	d	orbit	
•  Major	outbursts	in	1983,	1989,	2004	and	2015	
•  Current	outburst	shows	considerable	pulse	profile	evolu,on	
•  Exis,ng	orbital	solu,ons	do	not	propogate	well	to	2015	outburst	
•  New	orbital	analysis	in	progress	

Barycentric	Frequency	
Pulsed	
Amplitude	

Total	Flux	
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Summary	and	Conclusions	
The	full	sky	coverage	of	GBM	enables	long	term	monitoring	
of	the	brighter	accre,ng	pulsars	allows:	
• 	Detec,on	and	study	of	new	transient	sources	or	new	
outbursts	of	known	transients.	
• 	Precise	measurements	of	spin	frequencies	and	orbital	
parameters	(e.g.	XTE	J1946+274,	soon	for	V0332+53)	
• 	Study	of	spin-up	or	spin-down	rates	and	hence	the	flow	
of	angular	momentum	and	accre,on	disk	physics	
• 	Observa,ons	of	unexpected	and	long-term	outburst	
behaviors	(e.g.	possible	~20	year	cycle	in	EXO	2030+375)	

	
GBM	Pulsar	Project		
hgp://gammaray.nsstc.nasa.gov/gbm/science/pulsars/	
	
GBM	Earth	Occulta,on	Project	

hgp://heastro.phys.lsu.edu/gbm	
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Many	Thanks	to	the		
GBM	Pulsar	Team!	

– C.A.	Wilson-Hodge	(PI),	Mark	H.	Finger,	E.	Beklen,	P.N.	
Bhat,	D.	Buckley,	A.	Camero-Arranz,	M.J.	Coe,	V.	
Connaughton,	P.	Jenke,	G.	Kanbach,	I.	Negueruela,	
W.S.	Paciesas	
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Future	direc,ons	
– What	can	we	learn	from	classical	accre,ng	pulsars	in	
Be	X-ray	binaries	to	futher	our	understanding	of	
gamma-ray	Be	binaries?	



Backup	
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Text	Text	

	Background	Subtrac,on	
The	rates	in	each	
channel	of	the	12	NaI	
detectors	are	fit	with	a	
model	with	the	following	
components:	
• Models	for	bright	
sources.	
• A	s,ff	empirical	model	
that	contains	the	low-
frequency	component	of	
the	remaining	rates.			
The	fits	are	made	
independently	for	each	
channel	and	subtracted	
from	the	rates.	
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