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Outline

 RFI / station sensitivity via “Fly’'s Eye”
pulsar observations

 Phase-resolved polarimetry
 Phase-coherent pulsar timing

e Pulsar search pipeline
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“Fly’s Eye” mode

e Beam-formed mode in which the station signals
are recorded separately.

e Can use to cover a very large FoV (if MOM/SAS/
MAC can set this up).

e Also very useful for diagnosing individual stations.
e \With CEP2 we can now easily take full-bandwidth
Fly’'s Eye data for all stations (data rate ~600MB/s).
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Fly’'s Eye Observation with 47 HBA stations

wos of Bew

CS_CS001HBAO CS_CS001HBA1 CS_CS002HBAD CS_CS002HBA1 CS_CS003HBAO CS_CS003HBA1 CS_CS004HBAO CS_CS004HBA1
"B0329+54 "B0329+54 "B0329+54 “B0329+54 “B0329+54 "B0329+54 "B0329+54 "B0329+54
ChiSq =364.77773  ChiSq=388.51273  ChiSq=834.32741  ChiSq=560.28824 ChiSq=295.16904 ChiSq=654.37374 ChiSq=665.42216 ChiSq =670.07634

Puses of Best Profiie

CS_CS005HBAO CS_CS005HBA1 CS_CS006HBAO CS_CS006HBA1 CS_CS007HBAO CS_CS007HBA1 CS_CS017HBAO CS_CS017HBA1
_B0329+54 _B0329+54 B0329+54 _B0329+54 B0329+54 B0329+54 B0329+54 _B0329+54
ChiSq = 56506294 ChiSq = 537.82193 ChiSq =911,50553 ChiSq = 356.55897 ChiSq = 532.57645 ChiSq = 769.30047 ChiSq = 70,34212 ChiSq = 12633433

CS_CSo021HBA0 CS_CS021HBA1 Cs, C8024H8A0 Cs_| C5024HBA1 Cs CSostBAo Cs CSOZGHBAI CS_CS030HBAO CS_CS030HBA1
80329454 _B0329454 0329454 032945 B0329454 _Bo329 _B0329454 _B0329454
ChiSq =57.31635 ChiSq =151.82731 ChlSq 681.56604 Chqu 492 91 328 ChiSq =1.08989 ChiSg=1. 10768 ChiSq =107.89656  ChiSq =200.30639

CS_CS032HBAD CS_CS032HBA1 CS_CS101HBAD CS_CS101HBA1 CS_CS103HBAO CS_CS103HBA1 CS_CS201HBAO CS_CS201HBA1
B0329+54 B0329+54 B0329+54 B0329+54 _B0329+54 _B0329+54 _B0329+54 B0329+54
ChiSq =385.26261  ChiSq =76.68948  ChiSq=669.41272 ChiSq=746.52334 ChiSq=85252567 ChiSq=733.32409 ChiSq=210.07087 ChiSq =202.31221

CS_CS301HBAO CS_CS301HBA1 CS_CS302HBA0 CS_CS302HBA1 CS_CS401HBAO CS_CS401HBA1Y CS_CS501HBAO CS_CS501HBA1
B0329+54 B0329+54 “B0329+54 “B0329+54 _B0329+54 _B0329+54 "B0329+54 B0329+54
ChiSq =213.04046 ChiSq=139.77018  ChiSq =87.04957 ChiSq=116.77781  ChiSq=394.53609 ChiSq=113.60953  ChiSq = 71.07175 ChiSq = 7.59392

. Credit:
A4 tL Anastasia

CS_RS106HBA CS_RS205HBA CS_RS208HBA CS_RS306HBA CS_RS307HBA CS_RS406HBA CS_RS503HBA
_B0329454 _B0329454 _B0329+54 _B0329454 _B0329454 _B0329454 _B0329454
ChiSq =3029.99251 ChiSq=1546.22172 ChiSq=148596807  ChiSq=0.00000  ChiSq=1691.97825 ChiSq =1425.82947 ChiSq =190398151
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Fly’'s Eye Observation with 47 HBA stations

wos of Best Profie Punes of Do

CS_CS001HBAO CS_CS001HBA1 CS_CS002HBAD
B0329+54 B0329+54 “B0329+54
ChiSq =364.77773  ChiSq =388.51273  ChiSq = 834.32741

Puses of Best Profie 2 Puses of Best Profiie

CS_CS005HBAO CS_CS005HBA1 CS_CS006HBAO
_B0329+54 _B0329+54 B0329+54
ChiSq = 56506294 ChiSq = 537.82193 ChiSq =911.50553

Puses of Best Profie

LI

CS_ CSOZ1HBAO CS_CS021HBA1 Cs, C8024H8A0
0329454 _B0329454 0329454
ChlSq 57.31635 ChiSq =151.82731 ChlSq 681.56604

Pumes of Best Profle

LIl

CS_CS032HBAD CS_CS032HBA1 CS_CS101HBA0D
_B0329+54 _B0329+54 _B0329+54
ChiSq =385.26261 ChiSq = 76.68948 ChiSq =669.41272

CS_CS301HBAO CS_CS301HBA1
_B0329+54 _B0329+54
ChiSq = 213.04046 ChiSq = 139,77018

CS_CS302HBA0
“B0329+54
ChiSq = 87.04957

CS_RS106HBA Cs_| HSZDSHBA
B0329454 B0329+

CS_RS208HBA
B0329454

ChiSq =3029.99251 ChiSqg = 1546 221 72 ChiSq =148596807
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CS_CS002HBA1 CS_CS003HBAO CS_CS003HBA1 CS_CS004HBAO CS_CS004HBA1
“B0329+54 “B0329+54 "B0329+54 "B0329+54 "B0329+54
ChiSq =560.28824 ChiSq=295.16904 ChiSq=654.37374 ChiSq=665.42216 ChiSq =670.07634

CS_CS006HBA1 CS_CS007HBAO CS_CS007HBA1 CS_CS017HBA0
_B0329+54 B0329+54 B0329+54 B0329+54
ChiSq = 356.55897 ChiSq = 532.57645 ChiSq = 769.30047 ChiSq = 70,34212

CS_CS017HBA1
_B0329+54
ChiSq = 126.33433

CS_CS030HBAO CS_CS030HBA1
_B0329454 _B0329454
ChiSq =107.89656  ChiSq =200.30639

Cs_| C5024H8A1 CS_CS026HBAO Cs CSOZGHBAI
0329454 _B0329454 _Bo329
Ch-Sq 49291328 ChiSq =1.08989 ChiSq=1. 10768

CS_CS101HBA1 CS_CS103HBAO CS_CS103HBA1 CS_CS201HBAD CS_CS201HBA1
B0329+54 _B0329+54 _B0329+54 _B0329+54 B0329+54
ChiSq = 74652334 MChiSq=852.52567 ChiSq =733.32409  ChiSq =210.07087  ChiSq =202.31221

CS_CS302HBA1 CS_CS401HBAO CS_CS401HBA1Y CS_CS501HBAO
“B0329+54 _B0329+54 _B0329+54 "B0329+54
ChiSq = 116.77781 [JChiSq = 394.53609  ChiSq =113.60953  ChiSq = 71.07175

CS_CS501HBA1
B0329+54
ChiSq = 7.59392

2 Puses of Best Pro

1L

Cs_| HS406H BA

CS_RS306HBA Cs, HSSO?HBA CS_RS503HBA
_B0329454 B0329+ 0329+ B0329454
ChiSq =0.00000 ChiSq = 169! 97825 Ch|Sq =1425 82947 ChiSq =1903.98151

Dwingeloo

Credit:
Anastasia
Alexov
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Fly’'s Eye Observation with 47 HBA stations

CS_CS026HBAD
"B0329454
ChiSq = 1.08989

Menno
at work

CS_CS103HBAD
"B0329+54
ChiSq = 852.52567

CS_CS401HBAO
"B0329+54
ChiSq = 394.53609

CS_CS026HBA1
"B0329454
ChiSq =1.10768

- —

CS_CS103HBA1
"B0329+54
ChiSq = 733.32409

" m—

CS_CS401HBA1
"B0329454
ChiSq = 113.60953

CS_CS030HBAO
_B0329454
ChiSq =107.89656

CS_CS201HBAD
"B03294+54
ChiSq =210.07087

CS_CS501HBAO
"B0329+54
ChiSq = 71.07175
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CS_CS201HBA1

CS_CS030HBA1

_B0329454

ChiSq =200.30639

Possible
Issues?

"B0329+54

ChiSq =202.31221

CS_CS501HBA1

"B03294+54

ChiSq = 7.59392

ASTRON



Fly’'s Eye Observation with 30 LBA stations

2 Puises of

*n[mf< prof 2 Pulses of Best Profie fs;l'l[:)‘sermt‘EEI-F)
b | | L'

CS002-007
all look good

CS_CS001LBA
_B0329+54
ChiSq = 1.88387

CS_CS007LBA
_B0329454
ChiSq = 4.69526

"

CS_CS032LBA
_B0329454
ChiSq = 1.82812

CS_CS401LBA
_B0329+54
ChiSq = 1.92788

CS_RS208LBA
_B0329+54
ChiSq = 3.72357
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CS_CS002LBA
_B0329+54
ChiSq = 3.82247

CS_CS017LBA
_B0329+54
ChiSq = 1.46850

CS_CS101LBA
_B0329+54
ChiSq = 1.86423

CS_CS501LBA
_B0329+54
ChiSq = 1.87480

CS_RS306LBA
_B0329454
ChiSq =2.41078

CS_CS003LBA
_B0329+54
ChiSq = 4.75317

CS_CS021LBA
_B0329+54
ChiSq =2.40934

"

CS_CS103LBA
_B0329+54
ChiSq =2.34640

CS_DE603LBA
_B0329+54
ChiSq = 1.35287

2 Puises of Best Profie

|
Wi

CS_RS307LBA
_B0329+54
ChiSq =4.21911

CS_CS004LBA
_B0329454
ChiSq = 4.39695

U

CS_CSo024LBA
_B0329454
ChiSq = 1.73504

CS_CS201LBA
_B0329+54
ChiSq = 1.33331

CS_FR606LBA
_B0329+54
ChiSq = 1.22265

CS_RS406LBA
_B0329+54
ChiSq = 1.29749

CS_CS005LBA
_B0329+54
ChiSq =4.74200

CS_CS026LBA
_B0329+54
ChiSq =1.21012

CS_CS301LBA
_B0329+54
ChiSq =2.05630

et ety

CS_RS106LBA
_B0329+54
ChiSq = 4.54940

oy

CS_RS503LBA
_B0329+54
ChiSq = 1.88452

CS_CS006LBA
_B0329+54
ChiSq = 3.86347

CS_CS030LBA
_B0329+54
ChiSq = 1.15373

CS_CS302LBA
_B0329+54
ChiSq = 1.55034

CS_RS205LBA
_B0329454
ChiSq = 1.35222

CS_UK608LBA
_B0329+54
ChiSq = 1.22872

No detection with
the international

stations

Credit;
Anastasia
Alexov

ASTRON



Polarimetry of PSR B0834+06

HA = -1 HA=0 HA = +1 HA = +2 HA = +3

 Polarization profile is very stable as a function of hour angle
e Calibration errors on the order of ~5-10%"7?

Credit: Charlotte Sobey
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B0834+006 polarization stability

SIS #3413 L3155 0 W
Troc 122456 Wtx B 4250 Lencie 390998 S0 953815

' ||
| ~\\

. é.:jg___.u..‘_';"_,'sﬂ . / A\ . INA\
PROFILE (RM = RM2) & o = = SR e

RM1 [radm 2| 0+/-2.8 0+/-2.0 0+/-1.7 -27+/-1.8
RM2 [radm 2| -26.71+/-0.15 -26.72+/-0.10 -26.89+/-0.08 -27.28+/-0.07
RM3 [radm 2| -26.837+/-2.8 -26.814+/-2.8 -26.709+/-2.8 -27.472+/-2.8

) || b~y
- } | f

FDF REs

HA=-2 HA = -1 HA=0

Credit: Charlotte Sobey
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B0834+006 polarization stability

PROFILE (RM = RM2)
RM1 [radm 2| -284+/-1.7 -28+/-1.5 -284/-1.7

RM2 [radm 2 -27.77+/-0.13 -27.85+/-0.16 -27.99+/-0.17
RM3 [radm 2| -27.857+/-2.8 -27.829+/-2.8 -27.940+/-2.8

FDF RES

HA = +2 HA = +3 HA = +4

Credit: Charlotte Sobey
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Polarimetry on Crab giant pulses

Freq: 121.086 MHz BW: 3.125 Length: 905.069 S/N: 47.934
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Credit: Aris Noutsos
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Polarimetry on Crab giant pulses

Somewhat polarized
6 Superterp HBAs ; At=15min ; f=122 MHz/ BW =3 MHz

3 8[ PA.>3g,
o N
TE ) , )

T T T T
121.088 MHz 121.088 MHz 121.088 MHz ]

Linear
Circular

-0.05 0 0.05 0.1 0.15-60 0 80

-0.05 0 005 0.1 0.15-60 0 80

-60 0 80

T T T T T
121.088 MHz 121.088 MHz 121.088 MHz

0.05 0.1 -60 0 80

0 005 0.1 0.15

-0.05 0

* Very little polarized flux seen in recent imaging observations
* Crab giants normally highly polarized (diff Faraday rotation?)
* > 10x more scattering than a few years ago

* Crab has flared in gamma-rays twice recently

Credit: Aris Noutsos
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Polarimetry on Crab giant pulses

116.75 MHz -
o o S S e et
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Credit: Aris Noutsos

40 _. 50 60
Time (ms)

Credit: Ramesh Karuppusamy
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Phase- coherengﬁ,‘;,_p:ulsar timing

J1136+1551 (Wrms oo 62.768 us) post—fit
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Credit; Joris Verbiest
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Anomalously iIntensive pulses
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* Investigate further with simultaneous LBA/HBA data.
» Relation with classical “giant pulses”?

Credit: Vlad Kondratiev
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Searches 1

X PGPLOT Window . ] X PGPLOT Window 1
Time (s) Time (s)
3700 3750 3800 o 3700 3750 3800
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r+/— 1 Std Dev 1 +/— 1 Std Dev
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; 1 1 1 L 1 L 1 L 1 L 1 L Il 1 1 1 1 L 1 L 1 L 1 L 1 L Il
S 2.8x10%  282x10°  2.84x10%  2.86x10°  2.88x10°  2.9x10°  2.92x10° i 2.8x10°  282x10%  2.84x10°  2.86x10%  288x10°  29x10%  2.92x10°
Sample Sample
N

DM =0 pc cm | DM = 1.7 pccm

Credit: Jason, Thijs Coenen
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Searches for single, dispersed pulses

* Applications Places System @& 11:51 AM @

See (on Ice054)
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Searches for sing\-le‘,'dispersed pulses

Credit: Vlad, Thijs Coenen

LOFAR Status Meeting - April 20th, 2011 - Dwingeloo AST(QON



Tied-array vs. incoherent beam SNRs
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Credit: Ashish Asgekar

& LOFAR Status Meeting - April 20th, 2011 - Dwingeloo AST(QON



Summary

e Fly’'s Eye monitoring Is a useful way to gauge
station health, calibration, and RF| environment.

e Polarimetry well advanced, but calibration still
required to remove systematics on the ~5-10% level.
e Intriguing behavior seen from the Crab.

e Pulsar timing working so far, but longer timing
baselines still need to be tested.

e Starting to do real searches for single dispersed
pulses.
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