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Pulsars..

Jawely| 7 Jawnio Aq Awouousy Jes|n Jo yooqpuey  wol uaxe|

O
K
XK
- e
C ‘&.‘.".‘.f'l“‘,.vd'
- A e b
o AN
TN
L)
L)

Ly _¢/
.___...r
.._.._

<

—

£

.¢
&aammaﬁaawr.&
T
o
Y
¢¢¢¢¢0¢¢¢#
A X
Y A ey
et e
S el
KRR XA ATAR
O
O
L 4%%&##4‘40#%#
AR
R
R IHIRI A
RS
SN
FEEEEE T
I AR

P
R
RO,
3 t‘#tﬂ_ﬁ_ “
ITRRAS
AR i
éﬁﬁ&ﬂﬁ&ﬂﬁ&ﬂq
{ S
A RCLRNE)
AR AL
I
KR CRRCOTERXD

SR ossociations
SR AME
"Racdi

A t“

ie—aquie

Ol- Gl- 0C-

Jap poliad |bo

T

| hﬁ|m 3) BARDA

10

.1

.

Period (s



Log[dP/d]

Pulsars In gamma-rays
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Radio and gamma-ray pulsars:
what have we learned so far
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Radio and gamma-ray pulsars: what
s left to do

A 3R I, = 10°
R, = 30R,_(this work)
Poynting-flux-dominated wind

r,=10°

R =10°m !

Magnetosphere

Wind acceleration zone
Termination shock
Non-thermal nebula
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Kinetic-energy-dominated wind
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Where were we..? (2011)
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RAS Project: Funded!

“Developement of a software tool to
study pulsars from radio to gamma-rays
using multi-telescope data”

P.l. Alessio Trois




Sardinia Radio Telescope
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SRT

Sardinia Radio Telescope

|Positian |Pranu Sanguni (CA), Italia
Coordinates Lat. 39°29'50" N - Long. 09°14'40" E
Optics Gregorian (shaped) + BWG
Frequency coverage 0.3+100 GHz

Primary reflector diameter 64 m

|5£!t:t:-n|:|£|r'3.|r reflector diameter |B m

|BWG reflectors diameters |2.9+3.9 m

|Mu|tibeam receivers

22 GHz (7 feeds)

Available foci

Primary f/D = 0.33
Gregorian f/D = 2.34
2xBWGIf/D=1.38
2xBWGIIf/D = 2.81

Elevation range |5“+90“
Azimut range + 270°
Parallactic angle range + 60°

Slew rates (wind speed < 60 km/h)

0.85 %/sec Azimuth
0.5 ®/sec Elevation
10%/sec Parallactic angle

Surface accuracy (rms specified)

630 micron (passive surface)
185--119 micron (active surface)

Pointing (rms specified)

11+1.8 arcsec

FWHM Beamwidth

19.5 arcmin/f (GHz)

Gain

0.4+0.7 K/y

First secondary lobes

= 20 dB under the main lobe

Receivers mounts

BWG I-1I : fixed (4 receiver's bays)

Primary focus : retractable positioner (4 receiver's bays)
Gregorian focus : rotating turrett (8 receiver's bays)




- - ' ) SRT
Sardinia Radio Telescope ¥ =

Receiver Freq. Beam-size T-sys [K] Gain[%]
Primary-focus L-P band dual-frequency 305 - 410 MHz 56.2' (65) (45)
NA NA
1.3-18 GHz 126 (21) (47)
NA NA
5.7-7.7 GHz 28 (19) (66)
BWG-focus C-band mono-feed
55 48
18- 265 GHz 50° (45-79) (57)
Secondary-focus K-band multi-feed
econdary-focus K-band multi-fee 2090 u“

The radio work described in this presentation is done with SRT
commissioning data, taken during the Astronomical Validation (AV)



“Developement of a software tool to study pulsars
from radio to gamma-rays using multi-telescope
data”

Astronom




Purpose of the project is a bidirectional approach
to pulsars study.
Gamma-Rays <= Radio:

=00k fOr counterparts of PSRs, PWNe, or
UnID in radio data

<=k 00k fOr new gamma-ray pulsars from
SRT new discoveries and use SRT observations
to time pulsars for gamma-ray observations



A multi-wavelength pulsar database

- complete
- not only gamma and radio

- automatically cross-checked
- easlly accessible

- web interface

- Einstein@Home



What we have: 8 years of AGILE!




Residuals (milli—-turns)

Timing noise uncorrected Timing noise corrected
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Reduced Chi—Square

Crab PSR Gamma-ray pulsar period fit
'15 I l l Ll I l Ll Ll 1 Ll Ll I l Ll Ll I
L PEPOCH: 54362.242 MJD g
P_radio: 0.033607554009 s
- P_gamma: 0.033807553966 s % P_gamma_tn: 0.033007554006 s -
| P_gamma—P_radio: 4.3e—11 s/ F_gamma_tn—P_radio: 3.3e—12 s |
o _Timing noise uncorrected Timing noise corrected:
I perfect radio-gamma -
matching even for long and
I hoisy exposures i
S —
= &F ~ =
— ' 1“ \ -
i " N
O L ! . ! l ! . . . | ! . ! |
—4x10-10 =2x10-10 2x.0=18 4 x10-10

P_trial—P_radio [s]



Crab PSR

counts
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No light-curve “smearing” even in very long observations
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P3 is coincident with
the feature HFC2 that
appears in the radio
profile above 4 GHz.

HFC2 polarization
suggest that this peak
may come from a lower
emission region, near
polar cap

(Moffet & Hankins;
1996, 1999)

P3: low altitude
cascades?



Crab pulsar with AGILE: 8 years?



Crab pulsar with AGILE: 8 years!

JO5344+-2200_FM3I.119_2_JPLEPH. 405 _ALL evt testC_S398
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Crab pulsar with AGILE: 8 years!
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Crab pulsar with AGILE: 8 years

TOTAL  1.1273982e+08  3.5834314¢+08 2842.6311 [DAYS]
COUNTS 81808
1.1273982e+08  3.5834314e+08 2842.6311 [DAYS]
1146.7357 DAYS ON TARGET
2007 7 28 20.634899 54309. 860
2015 3 10 11.780558 57152.481 TOTAL COUNTS / ERR: 81808.0 286.021
THETA MEAN 31 THETA MIN/MAX @ 49 AV. COUNTS PER BIN / ERR: 8180.80 99.4478
ENERGY MEAN 1236 ENERGY MIN/MAX 10@ 49148
DIS MEAN 3.1823255 DIS MIN/MAX ©.8845496349 4.5999379 PULSED FRACTION: B.p527447
EVI_TYPE MEAN ©.702338 PULSED FRACTION MAX: 8.0636275
PULSED FRACTION MIN: 0.0418547
UNPULSED COUNTS / FRAC: 79650. 0 8.973621
UNPULSED COUNTS / FRAC MIN: 78757.5 8.962712
UNPULSED COUNTS / FRAC MAX: 80542.5 8.984531
PULSED COUNTS / FRAC: 2158.80  ©.0263788
PULSED COUNTS MIN / FRAC: 1265.53  ©.0154695
PULSED COUNTS MAX / FRAC: 3050.47  09.0372881
FIRM PULSE DETECTION (!) <——-
EPH CHECKS FINISHED. r.chisgq=8.5617714 sigma=1.00080e+12 w.s51igma=5.9262562
CHECKING EPHEMERIS EPOCH RAMNGE...
EPHEMERIS COVERAGE: s4e74.e01 54566.876 492.87493 [DAYS]
AGILE DATA SPAN : 54389.868 57152.491 2842.6311 [DAYS]

wHwaE WARNING st

UNVALID EPHEMERIS EPOCH RANGE: EPH_START-AG_START-EPH_FINISH-AG_FINISH
9% COVERAGE

BT



Residuals (milli—-turns)

Timing noise uncorrected Timing noise corrected
PRE—WHITENING WHITENED
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How to deal with 8 years' data
spans

- Addition of small data spans using JB monthly
ephemeris (assuming profile stability)



How to deal with 8 years' data
spans

- Addition of small data spans using JB monthly
ephemeris (assuming profile stability)

- Timing with SRT



The first pulsar observations with SRT

JO534+2200: Crab_SRT_L10AR

BC P{mg)}m 33.708422048 T¢ P(ms)= 33.710883510 DM= 56.760 RAJ= (5:34:31.90 Decdm 22:00:52.0

BC MJD = 57140.742378 Cantre freq(Hz} = 1543.000 Bondwidth(MHz) = 512 | = 184557 b = —5.785

NBIn = 12B NChan = 128 NSub = 11 TBIn{ms) = 0.263 TSub{s} = 29.974 TSpan{s) = 629.972

P{ug): offget = 0.00000, step = 0.01404, range = 0.20820 DM: offget = D.50D, step = 0.114, ronge = 20 428

80

60
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40

-0.2 0 0.2
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CR= ) mi i | &
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o o - > g 2
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Pulse Phase Pulse Phase
BC prd (ma}: 33.708408856 TC prd (ms}: 33.710869417 DM: 56.364 BC freq {(Hz): 29.666188169
Garm [ma): —0.KX014082 Corm ((ma: —0.000014083 Corm: —0.418 Freq orr. {H2): 0.000019548
Error {ma): 0.¥022212 Emror (ms, 0000022212 Error: 0.348 Width {ms): 0.790
Bast S/N: 18.35
"
I
o -
X
N
O -
T T T T T T T T T T T 1
n 0.2 0.4 0.8 0.8 1 1.2

SRT Astronomical Validation Team



Hardware development

The ROACH-2 Board

ROACH 2 Boards:

e
The ROACH-1 Board

-high time resolution
- high frequency resolution
-coherent dedispersion

Melis, Concu, Trois



How to deal with 8 years' data
spans

- Addition of small data spans using JB monthly
ephemeris (assumes profile stability)

- Timing with SRT

- Timing In gamma-rays?



From SRT to Fermi to.. AGILE?
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In the 30-100 MeV AGILE

sensitivity is competitive (500 The 1 GeV Fermi sensitivity is much
cm? eff. Area for timing). better than the AGILE one.




>100 MeV

30-100 MeV

10-30 MeV

2

0.75-30 MeV (Cts x 107)
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PSR B1509-58 with AGILE
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Pellizzoni et al. ApJ, 695, L115, 2009
Pilia et al. ApJ, 723,707, 2010
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Detection of PSR B1509-58 and its pulsar wind nebuln in MSH 15-52 using Fermi - LAT
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Interpretation

Our observations are compatible with emission from the
polar cap regions powered by photon splitting cascades.

This likely inerpretation could represent the first
physical measurement ever made related to the QED
photon splitting process.

The fact that PC emission at HE appears rare
might be explained by the requirement that a number of
conditions concur to have low magnetospere emission,
e.g. an aligned geometry and high magnetic fields.

New class of "soft" gamma-ray pulsars?
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(7.3 GHz, 730 MHz, 40 ms int.): ATEL#5053
(Cagliari Pulsar and Multi-wavelength Group)



First tests

Table 9: Values, for each pointing, of the minimum detectable radio lux 5., (with At = 3600 =),
and the integration time Al (with S1400,min = 0.15 mJy) at SRT according to the pulsar fype and
its position with respect to the Galactic plane.

We recall that 5 scales as 5 o v™ (with a = —1.7), therefare at SRT 51400 min = 0.15 mJy becomes
Spmin = 1927 mly, Sp min = 0.126 mJy, Sg min = 0.011 mJy, S min = 0.001 mJy.

Type Band Plane Ot Centre
[m.ty ] =] |m.J ] s [mdy] 5]

| 0.06124 1.23034-10° | 0.06122 1.22060-10° | 0.06133  1.23421-10°
| 0.16205 5.15501.107 | 016206 5.15586.107 | 0.16205  5.15617-107

P | 051846 4.14820-107 | 0.37204 2.14530-107 | 121186  2.26636-107
Ordinary L | 0.04651  4.80300.10° | 0.04541  4.66271-107 | 0.05229  6.18334.107

C | 0.03107 3.16699-104 | 0.03106 3.16508-10¢ | 0.03112  3.176092-104

K | 0.08268 132724107 | 0.08267 132723107 | 0.08268  1.32731-107

P | 203314 132767-10° | 208458 6.51430-10° | 845017  1.10428-10°
MilLisecond L | 0.0923 192016-10° | 0.08016 1.83833-10° | 0.10382  2.43786-10°

C

K

MNote — Column 1 and 2 st the pulsar type the observing band; columns 3 and 4 List Smie and At for

pulsars in the Galactic plane; columns 5 and 6 st Smun and At for pulsars outside the Galactic plans;
columns 7 and & list S5, and At for pulsars mear the center of the Galactic plame.

Credit Marco Marongiu



First candidates, continuously
updating

Table T: Sample of 22 pamma-ray sources potentially obsorvable by SHT for the search of new radio and/or gamma-ray pulsars, sorted by snorgy fux
Ghon.

Camma-roy sounm ro dee fmar  fram i b Gioo o} L —— .ﬂlnF“, P Tpmmal, ﬂnm, L Mpumed ﬂnpug
= e T e T e O
SFGL J1B4E 40141 2111l -1L&% 0080 .05y 3L0BE 011 1.14 iz 0. 050 0.41 0.565 T.E4 1055
SFCL J1E30 30852 ¥raed -BS8E 0034 QD28 263X 001 100 LI 0.01.3 0.08 0251 163 ERE:
SFGL J1906. G+0720 FWEET  T.333 003y oy 4L092 o002 009 LTI 0.01.3 0.0 0. 260 169 4. BES
JFCL J1BSE B+D1EE FE330  1.ov:  .08X  Q.085 34847 DUBET 082 hme 0025 0.31 0477 50 B0
JFCL J1ESY. 040210 440 2070 QDS 08y 3R60F 046 0.GE e .02k 0.31 0474 E.EY B BST
GJFCL JH0T 3627 | d0d48  364E 0034 0081 T4B4D D410 065 G 0.014 0.0 0.266 1.BE 497G
JFCL J1E50 524 FEIES DA 00s4 0DE3  3T46E 0 DOIT (i ey w1 0021 0.21 0397 403 432
JFCL J1BST. 2+-D05D 431 0886 Q04T 03k 34451 0B 0.4E T 0.016 0.13 0315 255 I BED
AFCL J19010% 041407 098 1411 Q0Fy 008l 4ETI0 D241 0A4E o 0.030 0.43 0.EGE E.14 10.E8
GJFCL JI004. 443338 | 30L10 33464 0085 0033 TRETL L1BE 043 G 0.014 0.110 0.27h 198 L1538
IFCL NI G-+-G204 JE00f G20 Q030 03k 133490 LI11E 030 00 0.01E 0.12 1. 3HD 236 AH b
JFCL JHO3E 444212 | 30962 42320 Q.08 0083 SLEZr  DLB4Z 04 nms 0.024 0.28 0453 A B2
JFCL J1BSET. 0+-D35E F448 302y 00Tl QD83 310 342 oAy oz 0029 0.41 .58 TR 10,2
SFCGL J1901. 50126 EEF  -l44 Q085 0083 3xsM 0 -292 036 4 0.023 0.7 0430 B BB
JFCL J1E40 50124 13 -141 Q0Fe 0086 31463 023 0 o 0.030 0.45 0.ETE E.60 10.ED
JFCGL J185E 60158 341 198 Q035 0034 LRE1E 2402 033 G 0.014 0.11 0.281 207 b 251
SFCL JHML1+4736 | 31028 4760 0080 Q048 30001 3461 03 i1 0.021 0.22 0. 3049 4.16 AR
SFCGL J1E2T. G084 680 -ETr Q083 004y 2R41E L2241 0.0 imz 0.021 0.23 0408 4.2 T.G2T
JFPCL J1E3R EEn ¥aT2 46Ty 0OFE Q0B 264YT 031 0. oz 0029 0.41 0.E5E T.EO 1043
JFCL J1B44 30344 LI 3T Q0s:  Q0dG 2ETOE 004 038 msz 0022 0.23 416 445 T. 7RG
JFCL JIEST.6-071Y ¥ro40  -r20%  Q0SG Q.08 24866 026 0.3 hazs 0.031 0.44 0291 EAD 110
AFCL JM034 443833 | 30862 3856 0082 0081 TEIEE L4 0.:5 nms 0022 0.24 0421 465 BT

8 In umits of 1010 urs:'l cm—2,
b The number of o of detecticn. 18 approomately assocwtod with the square root of Sigri farvg.

Mote — Cohamn 1 lasts the name of gumma-ray souroe; columns 2 and 3 15t the nght ascension and the dechnation of the gamma-ray souroe (re and dee); columns
4 and E b=t the soms-major and the somn-mamor mns of the arror baxe (elhptscal m shape) at 38% confidenme (Smar and Smen); oolumns G and 7 et the galactic
longrtude and the galactss latstwde (I and &); column B lets the energy fliee in range 0.1 - 000 GaV (F100 ); columns % and 10 1=t the number of pomtings practacabla
by SRT m P-band (g0 = 03575 CHz) and rs uncertamtss (Apun P, Anpun £); columns 11 and 12 het the mumber of pomtangs practicable by SRT m L-band
(g = 1.56 CHz) and 1t uncertmmtes Ry i, Spyne 1, J; cohumns 13 14 last the number of pomtings practacable by SRT in Cband (pg = 6.7 GHz) and s
UNCErANERE [Ty oy .ﬂ.npmg].

The designator to the mames of the sources mdicates fags (§3.4.5) and themfore these sounms can be considered as potentially confused with interstellar emison.
Thar pemtion, amssion charactenstas, or even exstonoe may not be mhable

Credit Marco Marongiu



IMAGING BACKGROUND:

Software development and management for
, scientific data analysis (timing and imaging)
3G J08a1.4356 ; and instrumentation simulation.

UNIDENTIFIED i
SOURCE

Imaging science: gamma-ray (AGILE,
Fermi), X-ray (XMM, Chandra), optical
(ESO), radio (Medicina, SRT, JVLA).

SRT, total-power, C-K bands, OTF maps
(and timing).
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3C 58 with LOFAR
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SNR 3C157:

optical image

In collaboration with Giuliani, Righini et al.




Pulsar Wind Nebulae: Imaging with

SRT

ova Remnant W44 - SRT 7 GHz BWG - 6/12/2012

Early SDI
applications:
December 2012,
SNR W44 at 7
GHz BWG, 1.5 bin
(first resolved
Image of SRT)

Credits:
Alberto Pellizzoni
for the AV Team



Pulsar Wind Nebulae: Imaging with
SRT
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SNR W44 using
ROACH 2 Boards.
C-band,
Bandwidth = 2048
# Channels = 2048
9 dumps/sec

Credits:
Melis, Concu, Trois
for the AV Team



Summary and Conclusions

Developement of a software tool for pulsar
studies using a multi-telescope database

Search for radio counterpart of pulsars, PWNe
and unidentified gamma-ray sources

Search for gamma-ray counterpart of pulsars
and PWNe detected with SRT

Providing a multi-wavelength pulsar database

Understanding of pulsar emission mechanisms






