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Introduction to Shanghai TianMa radio telescope

p Newly built 65-m in diameter 
fully steerable radio telescope 
located in Song-Jiang district of 
Shanghai city;

p It is called Tianma Radio 
Telescope (TMRT),because it is 
near the small mountain named 
TianMa;

pPhase of the SH-65m project
ØFunded in 2008; 
ØStarted manufacturing in 2009;
Ø1st phase  was finished in July 2013, four low frequency 
receivers (L,S,C,X) have been installed.
ØHave been expanded to Q-band (43GHz) in 2017 using active surface 
system to make sure its efficiency
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Comparison TMRT with others of the same architecture

GBT	 Effelsberg Parkes Lovell Tianma

L
Freq-R 1.15-1.73 1.27-1.45,	1.59-1.73 1.2-1.8 1.25-1.50, 1.55-1.73 1.25-1.75

SEFD 10 20,19 31 36,65 31

S
Freq-R 1.73-2.6 2.20-2.30 2.2-2.5 ----- 2.2-2.4

SEFD 12 300 25 ----- ≥31

C
Freq-R 3.95-5.85 5.75-6.75 4.5-5.1 6.0-7.0 4.0-8.0

SEFD 10 25 61 80 28

X
Freq-R 8.00-10.1 7.9-9.0 8,1-8.7 ----- 8.2-9.0

SEFD 15 18 170 ----- ≥38
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=Note:	System	Equivalent	Flux	Density	(SEFD):
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Frequency:	1.25-50.0	GHz,	eight	receivers;	four	 low	frequency	 receivers	which	
are	suitable	for	normal	pulsar	observations.	



DIBAS-The	Digital	Backend	System	for	Tianma

Coherent de-dispersion search Incoherent de-dispersion search

Coherent de-dispersion  online 
folding

Incoherent de-dispersion online 
folding

DIBAS for TM
Incoherent:
pDispersion effect in sub-
band can not be eliminated;  
pMaximum sub-channel 
number: 8192
pMaximum bandwidth 
supported : 6000MHz 
(2000MHz/Roach)

Coherent:
pBoth the inter- and intra-
channel dispersion effects 
can be eliminated.
pDense computation
pAccomplished with 8 
GPU computers
pMaximum bandwidth 
supported : 800MHz

pCombination	of	GUPPI	(pulsar	system	)	and	Vegas	(spectra	line	system	)		of	NRAO

pIn	comparison	with	GUPPI,	DIBAS	is		an	updated	system.	Maximum	bandwidth	

that	GUPPI	can	support	is	800MHz	(both	coherent	&	incoherent	de-dispersion).		

As	DIBAS	is	an	updated	
system	from	NRAO,	we	
have	to	spent	a	lot	of	time	
on	testing!
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(GTX-580	GPU)	
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Fig.Lustre File	System

pMaximum data recording speed: 300MB/s (per thread)
pHighest time resolution: 40.96μs 
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An	example	of	schedule	file
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FTP	Download
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RFI	(Before!) RFI	(Now!)
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Ø Parkes pulsar timing：

Ø Red:700MHz；

Ø Black：1400 MHz；

Ø Blue：3.1 GHz (Lowest RMS; 

Most stable)

p RFI	removing	making	it	is	possible	 to	
monitor	 the	timing	properties	of	350	
pulsars	at	2.3	GHz;	

p S1400	of	some	pulsars	less	than	1mJy
p Less	DM	effects	compared	with	L-band	(or	

lower	frequencies)



Timing	results	of	some	pulsars
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Some	glitch	phenomena	 are	detected.	



Multi-frequency	observation	of	integrated	pulsar	
profile	and	its	radiation	mechanism

p 26	integrated	pulse	Profiles
Ø The	quality	of	26	profiles	are	comparable	with	the	previous	from	Effelsberg or	Parkes.
Ø Mean	flux	densities	of	these	pulsars	are	estimated	and	the	calibrated	pulse	profiles	

are	provided.
Ø 11	profiles	of	this	sample	are	obtained	for	the	first	time	at	8.6	GHz.	

p Relationship	between	the	component	separation	of	19	integrated	pulse	profiles	
and	frequency
Ø firstly,	the	separation	in	9 pulsar	profiles		decrease	with	the	increasing	of	frequency,		which	is	

roughly	agreement	with	radius-to-frequency	mapping	(RFM);

Ø secondly,	the	separation	in	10 pulsar	profiles	are	nearly	constant,	which	seems	not	 in	accordance	
with	RFM,	and	could	be	due	to	the	presence	of	the	smallest	separation.	
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J.G.	Lu	et	al.,	ApJ,	2016
L.H.	Shang	et	al.,	MNRAS,	2017



Dual-frequency	mode	change	studies	at	single-pulse	level

l B0329+54

l S/X-band
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Different	drifting	properties	on	different	mode	and	frequency	

Zhen	Yan	et	al.,	ApJ,	2018



High	Frequency		Pulsar	Hunting

Yellow：discovered	by	1.4GHz	survey
Black：discovered	by	430MHz	survey

ØLow	frequency	is	blocked	by	thick	plasma	
around	the	Galactic	center
Ølower	galactic	noise	background,	as	the	
galactic	noise	is	steeper	power	law	
Øweaker	dispersion	effect,	as	the	dispersion	
delay	is	in	proportion	with	the	square	of	
observation	frequency
Øweaker	scattering,	as	the	width	of		
scattering	broadening	is	in	proportion	of	4th

power	of	observation	frequency;				
Øweaker	scintillation
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Unassociated	γ-ray	point	sources

pGBT search	27 bright	γ-ray	unassociated	source，
3	new	pulsar	discovered（all	of	them	are	binary）!

p~200	pulsars	have	been	discovered	 in	Globular	
clusters	by	now.	Most	of	these	pulsars	are	recycled	
pulsars	(P<50ms)	 	

Globular	clusters
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FAST	pulsar	candidate	observation	
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FAST:	J1945+1211

Discovered:	0.5GHz

Observation:	2017-10-12

Frequency:	2.25	GHz

Length:	1	hour

Flux:	0.2	mJy



FRB	hunting	system
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Crab	giant	pulse

GPU	dedispersion;

Offline:	T/Tobs=1;

Next	step:	Online



Challenges	face	for	pulsar	studies	with	VLBI

Faint,	narrow	pulse
• Average	flux	0.8mJy	(statistics	on	908	pulsars)
• Duty	cycle	of	most	of	pulsars		less	than	10%
• Pulsar	gating	in	correlation	(Booting	SNR	3-6	times)
• Pulsar	binning	(More	advanced	gating)

Power-law	spectra
• Power-law	spectra(~-1.6),	most	observations	at	L-band
• Affected	by	ionosphere	heavily
• Phase	referenced	(in-beam,	nodding),	GPS	correction
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Pulsar	Astrometry	with	VLBA	plus	TMRT
pFor	pulsars	located	at	high	declination	(DEC>45	deg),	the	resolution	
in	right	ascension	(RA)	will	be	affected	because	of	the	limited	length	
of	projected	baseline	along	East-West	direction	of	VLBA	.	
pThe	partition	of	some	Chinese	antennas	will	lengthen	the	baseline	
twice	times	in	East-West	direction	and	make	the	UV-coverage	of	
observation	of	source	much	better.
pPathfinder	observations	on	2	high	latitude	pulsars	are		proposed	by	
us.	Highest	data	rate	2Gbps	(previously	512	MHz)		was	used	in	our	
observation.	Accuracy	~3	time	higher	than	previous	observation.

.
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Some	other	projects

• Radio	radiation	from	X-ray	binaries:	Wenfei Yu	et	al.
• Cooperated	Crab	observation	with	HXMT:	Jiguang Lu	
et	al.

• Try	to	detect	Gravitational	wave	of	10-7~10-6 Hz	
through	daily	timing	observation	of	PSR	J1713+0747:	
Shenghua Yu	et	al.

• Follow-up	FAST	pulsar	monitoring:	Zhichen Pan	et	al.
• ......
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How	to	apply	the	observation	time
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Conclusions

p Pulsar	will	be	one	of	important	scientific	targets	of	TMRT

p Some		pulsar	observations	with	TMRT	have	been	done.	And	

good	results	have	been	obtained.

p TMRT	can	play	an	important	role	in	the	fields	of	pulsar	research,	

such	as	pulsar	searching,	giant	pulse,	RRAT,	pulsar	timing,	

astrometry	plus	VLBA	et	al.	

pLooking	forward	your	cooperation!
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Thank you!
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