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Polarimetry with VLBI

Narayan &CQuataert (2005)

Moscibrqdzka+ (2017)
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Polarimetry with VLBI : (known to be) not easy

Observed Voltages

Vi = GL(EL —+ DLERB_Z?(’{))
Vi = Gr(ER + DrELe*?)



Polarimetry with VLBI : (known to be) not easy

Observed Voltages

\ iy
Vi, = Gr(EL + D Ere %)

VR — GR(ER -+ DRELBQM)
f

‘Correct’ source signal



Polarimetry with VLBI : (known to be) not easy

Observed \Voltages

\ ETYPS
VL =Gr(EL + DpEre =*?)

Ve = Gr(ERr 4+ DrEe*?)
/

‘Correct’ source signal

‘ ’ polarization (often called “D-Terms”)

. a fraction of the signal from the opposite polarization is ‘leaked’
— needs to be properly calibrated.



Polarimetry with VLBI : not easy

Vi = GL(EL + DL Ege™ )
Vi = Gr(Er + DrELe*?)

R;L; = GirGy (Pz-j + D;ple”*® + D3 1% + Dig D5 P, ezz’(qsmbj))
LiR; = GiLG}R (P* + D;ple™ 2 + Digle” 21¢; + D;1, DR P;j o~ 2i(9: +¢g))



Polarimetry with VLBI : not easy

Vi, = Gr(EL + DLERG_QM)
Cross-hand visibilities Vi = Gr(Egr + DRELBM)

/

il = GinGy ( Py; + Diple® + D*, Ie%% + Dip D;-‘LP%QQ?:(%—F%))

LiRj = GiLGig (P{} + DipIe™ %9 4 Diple 2% 4 Dy DY Pyje~ 21 0i105)



Polarimetry with VLBI : not easy

Vi, = Gr(EL + DLERG_QM)
Cross-hand visibilities Vi = Gr(Egr + DRELe%"b)

/

R;L; = GirGjy, (szj + Diple®™” + D”fLIe%(bj -+ D@-RD”-‘LPi*-ezi(%*qu))
LiR; = GiLGg (P* + DipIe *% + Diple % + D; DR P;; e—wwm)

/

Source-intrinsic signal



Polarimetry with VLBI : not easy

Vi = GL(EL + D Ere™ %)
Cross-hand visibilities Vi = Gr(Egr + DRELeM)

/

R;L; = GirGjy, (Pz'j + Diple”? + D} Ie%i + D@RD;-‘LPZ-’;e%(%JF%))

LiR; = G;LGjR (P;; +\Diple” %% + Diple™?% 4 Dy DipPyje= 0495

\ J
/‘ ,
D-Terms

Source-intrinsic signal (that we want to calibrate!)




Polarimetry with VLBI : not easy
R;L; = GirGiy, (Pz-j + Diple®® + DipIe*% + D@RD;LP;;eWﬁ%))

LiR; = GiLGg (P;‘; + D le”*% 4 Diple™ % + DiLD;RPije_Qi((bi—l_qu))

\ f @ : Parallactic angles

Sinusoidal variation over parallactic angles
(Or “circular rotation” on the complex plane)
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AIPS task : a conventional calibration tool

il (u,v) = P(u,v) + Digrit(u,0)e*® + Diprfif(u,v)e*® + P*(u,v) Dip D} e*(#1H95)

’FLR(’U’ U) P* (’U,, (b) + -D?ZLT’@j (’LL, ’U) 2 + D*RT“ (ua (U)e_%éj + P(’LL, U)DiLD;?Re_%((bi—Fé'j)

oy , 4

L D-Terms
Source Polarization ond grder terms

‘Model’ visibility What AIPS LPCAL does is...

for total intensity

\

‘Fgl’( u,v) = pF(u,v) + D; TLL(’ZL v)e2i®i —I—D*Lr“ R(u,v)e*® + p*F(u,v)Ry 2i(¢i+¢;)
ff}-R(u,v) =p F(u,v) + D@L?}j (u,v)e —2idi 4 D*Rrw (u, 'U)e_%‘ﬁj + pF(u,v) ’ e~ 2i(Pitd;)

\

Assumea * ’for a source



Some situations where LPCAL does not show a good performance...

LPCAL can fit the model visibility data
Source 1

- Source 2
Antl — —
Ant2 — — —
Ant3 — — —
Ant4 — — —
Antb

Time

1. There are often not many scans for ‘long baseline antennas’.
— D-term estimation accuracy is limited for those antennas.



Some situations where LPCAL does not show a good performance...

LPCAL can fit the model

visibility data

- - - - - - - -

- - - - - - - -

10"-

15"

.zo"-

UT starting on Tue 20 Feb 2018

2. When we have a small number of antennas (such as the K\VVN).
— difficult to determine which source is ‘the best calibrator’?




Some situations where LPCAL does not show a good performance...

LPCAL ignores the 2"d order terms.

fﬁL(’“ v) ZPsF (u, ")"‘DzR?"LL(?! v)e 21 +D*L7’,§R(?Lﬂ,’)€2i¢j -+ Zp:F _ : ,Le%(fb#@j)

Zpb (u,v) —|—D1LTRR(u3v) —216 "‘D*R?“g,; Lu, v)e21%: +ZP3F3(U, o= 2i(bi+d;)

3. When the D-terms are large and source polarization is large
— cannot ignore the 2" order terms.



Some situations where LPCAL does not show a good performance...

Edit all channels.

M87 at 227.071 GHz in Pl 2017 Apr 06 1:AA
I ' I T I

EHT 2017 M87 |

Amplitude

4. \When antennas have quite
different sensitivities (e.g.,
ALMA + EHT, GBT + VLBA)
— We must properly take

Into account
(not possible for LPCAL).

1 |
4000 5000
UV radius  (10°% 2)




How to improve?

fﬁL(“ v) ZpSF (u, ”"‘D%RTLL(” v)e*? +D*L7’§R(“fﬂf’)€2i% + ZP:FS(?L,?))DiRD;Leg";(‘bi"‘@j)

= DB 00)+ Duar ) Digr e + B0} D D

Let’s develop a new algorithm which fits the model to “multiple sources’
visibilities simultaneously.

Possible advantages are

(i) increase in (we have more data points).
(i) improvement of the D-term accuracy thanks to the 2" order terms included.
(ii1) (no need to figure out which calibrator is the best)

(iv) controlling weights for different antennas and sources are flexible (which might be
important for the EHT).



How does i1t work?

Extract the visibilities and weights into ascii files | ParselTongue

Obtain the best-fit D-Term model Python code

Obtain the D-Term calibrated UVTits file ParselTongue

All these processes can be done by running a single script.
It takes a few minutes to less than 15 minutes depending on the data size



Does 1t work well?
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Does 1t work well?

VLBA

Los Alamos — Pie Town
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Does 1t work well?

Imaginary (Jy)

VLBA
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Does 1t work well?
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Does 1t work well?
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Does It

work well?
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Does 1t work well?
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Probing the linear polarization of AGN jets at mm wavelengths with the KVVN
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Probing the linear polarization of AGN jets at mm wavelengths with the KVVN
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Probing the linear polarization of AGN jets at mm wavelengths with the KVVN

0 9 19 29 39 49 59 69 79
- CTA102 2018 Feb 171

: 431 GHz ]
]

-2

RA (mas)
VLBA (BU) 43 GHz

— .
0.00 0.02 0.03 0.05 0.06 0.08 0.09 011 0.12
- [Jy/beam]
3E CTA102 2018 Feb 20
2 _ 86.3 GHz 94.7 GHz 129.8 GHz 141.7 GHz _
1E - E
0 (& & @
= A >
2 @ ® e o
0 -5 -10
' CTA102
- KVN 86 - 142 GHz
50~ i
50| o
= %5
) S
O, Sl
= -100 - |
~. VLBA 43 GHz.
. |
1501 A, RM = -30734 + 2144 rad/m? ]




Probing the linear polarization of AGN jets at mm wavelengths with the KVVN
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Summary

— A new algorithm for polarization calibration of VLBI data has been developed.
Which advantages does it have?

(i) It increases effective signal to noise ratio and improves the calibration accuracy.
— powerful for studying low-polarization sources (such as M87!).

(i) It will solve the problem of global VLBI arrays that there is not much common
sky for a single source.

— will be important for on-going and future global VVLBI studies by using
GMVA + ALMA, EHT + ALMA, and satellite missions.

(i11) It is easy to use (you can just run a single script).

— Don’t spend much time to figure out which calibrator is the best. You can
use all!

(iv) It will be very effective for future KVVN polarization observations where we
have a small number of baselines but usually have many different sources
observed.

— You can do a unique science with the KVVN (linear polarization and Rotation
Measure analysis at 2 ~ 3 mm).



Summary

Please use my code for your studies!




AIPS task : a conventional calibration tool

P (u,v) = P(u,v) + Digprii=(u,v)e? + D5 rfif(u, v)e*% 4+ P*(u,v)Dig D e*?¢5)
f"?%R(u,U) = P*(u,v) + DiLTq;j (u,v)e —2i¢i | D*Rrw (ujv)e_%d)j + P(’u,,t’)DiLD;Re—Qi(%nLqﬁj)

P | =

Source Polarization D-Terms

2"d order terms

‘Model’ visibility What AIPS LPCAL does is...

for total intensity

‘FSL(,&’U) pF(’U,,’U)—I—D T‘LL(’U, ’U) 2i¢; +D*er} (u’U)QQiqu —l—p*F(u,v) . 2i(pi+d;)
7 (u,v) = p* F(u,v) |+ Diprii (u,v)e —2id: + Dipri” (u,v)e"2% 4 pF(u,v) ’ e—2i(¢i+6;)

Assumela ‘ 1for a source

There is almost no astronomical object having a constant polarization across its structure.



Clean I map. Arrayv: BFHKLMMNOFS
0JZ87 at 8.232 GHz 1995 Neov 22
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AIPS task : a conventional calibration tool

i (u,v) = P(u, v) + DiR?“,f;-L(u: v)e? i 4 D*Lrw (u,v)e?Pi + P*(u?v)DiRD_;-‘Le%(‘biJr@bj)
Ll (u,v) = P*(u,v) + DiLrﬁR(u,v) —2igi 4 D*RT?,;: L(u,v)e=2% + P(u,v)DiLD;v‘Re_Qi(@”%)

P | =

L D-Terms
Source Polarization ond grder terms

‘Model’ visibility What AIPS LPCAL does is...

)

rij () Z?’SF (u,0) + Digri* (u,0)e*® + Diprfif(u,0)e®@ + 3 p

”LR Zpb (u,v) —I—DzL’r B(u,v)e=2 —I—D*R’r,‘.,J Lu,v)e™2" + Zps

= |

Assume a ‘constant fractional polarization’




Does 1t work well?

Imaginary

Filled : Code, Open : LPCAL
_BJO20A

0J287 VLBA ® Code 4

(O LPCAL

0.05F

=

0.00F

" @ BR
® D
HN
KP
@ LA
® MK
NL

@ oV ® RCP -
® PT

—0.05- ® SC ¢ LCP |

005 om0 0.05
Real

Code - LPCAL

Code - LPCAL

BJO20A
0.0005r  Real . 0J287 -
8 e H
0.0000F ' § e 8
<]
e o . .
—0.0005F o
O
0.0005F Imaginary
g [ ]
0.0000 i | g .
o © o *
—0.0005F C o o
)
-1 0 1 2 3 4 5

BaseBa nd Channel

When ignoring the 2" order terms and comparing with the LPCAL result,

they are consistent within ~10~* levels.




Does it work well?
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When ignoring the 2" order terms and comparing with the LPCAL result,
they are consistent within ~10~* levels.
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If the multi-source fitting code works well, then the results must be consistent with
the single-source fitting results (because OJ 287 and OQ 208 are good calibrators).

— This Is the casel
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