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Outline

e Background: Mm line variation in AGB stars.

e Our ALMA/ACA monitoring of IRC +10216 & an
overview of the results.

e Challenges in constraining flux uncertainties.
e First ALMA results: a qualitative presentation.

e Summary.



Millimeter line variations in AGB stars

Strong stellar wmds & huge circumstellar envelope (CSE)
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Figure from Internet. Cernicharo+ 2015A&A...575A..91C

Are mm lines from such a huge CSE variables?
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A bit of history

1990 2000A&AS..142..181C
Carlstrom+ Cernicharo+

Repeated 2mm observations of IRC +10216
with IRAM30m only found variation

in HCN v, = 1, J=2-1 maser line,
but not in any other lines.




A bit of history

1990 2000
Carlstrom+ Cernicharo+

[

I 523 day

December of 2007,
| started to monitor 1.1mm
line variation in IRC +10216
using SMT 10m
(ASIAA, Taiwan)



A bit of history

1990 2000 2014ApJ...796L..21C

Carlstrom+ Cernicharo+ -
Cernicharo+
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|C ~irst convincing evidence of non-
923day  maser mm line variations in IRC

vt o 4 +10216 in 2010 using Herschel.
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A bit of history

Non-maser line var.
1990 2000 2014

Carlstrom+ Cernicharo+ Cernicharo+ 201 5_06,
IRAM30m started to monitor
IRC+10216 at 1-3mm

-

2007.12,
SMT 10m started



A bit of history

Non-maser line var.
1990 2000 2014
Carlstrom+ Cernicharo+ Cernicharo+

2015.06,
IRAM30m started

523 day 2016.10,
2007.12, We started ALMA/ACA
SMT 10m started monitoring of IRC+10216

in 1.1mm



A bit of history

Non-maser line var.
1990 2000 2014

Carlstrom+ Cernicharo+ Cernicharo+

2015.06,
IRAM30m started

’
523 day  2016.10, vy
2007.12, ALMA/ACA 2017ApJ...845...38H
SMT 10m started started He+

Publlshed SMT 10m results.
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A bit of history

2018ApJ...860..162F

Non-maser line var. Fonfria+
1990 2000 2014 SiS 5-4, 6-5, 15-14
Carlstrom+  Cernicharo+ Cernicharo+ phase lag of 0.2 vs IR

2015.06,
IRAM30m started

523 day  2016.10, l

2007.12, ALMA/ACA
SMT 10m started started 2017
He+
different

behaviors



—

0.2 3mm lines var

—

A O a

(arm) oeseyd (sdep) pollag
0084 0094 00%L 0024 0082 0094 00¥L 0024 0084 0094 00%L 0024 0082 0094 00¥%L 0024 0084 0094 00FL 0024
_________________ ______M__________ _________________ _________________ _________________

000T : 00¢ 0 000T : 00¢% 0 000T | 00¢% 0 000T : 00S 0 ooodw 00¢

=

.

L..____”________|._. ___1_m_.1__ __ L____m______ ) 2 L____._______u_._.G
. . . . ~—

m 9

[

e lag Pardo+

2018
Afria+ 2018A&A...615L...4P

116

_ - .mﬁ. _
2 |

94

I
108

_1-‘|I ol

|
|
|
|
&
g

o
|
|

n b

o

S|

I
100

114

I
106

112

90

I
104

Al
!

Ao

96

|
I
110

D
I
,H lines

<

88

=

I
102

|
CH&C

[\

T
_____lg__________I:J.__—__K_____

I _____m_________

— gt | ol b b 4 bty IR L o
m 70 e0 0 ¥'0 20 0 70 c0 0 ¥'0 c0 0 70 c0 0

_____.._

84

82

80



A bit of history

2018

Non-maser line var. ,
Fonfria+ 2018

1990 2000 2014
Carlstrom+ Cernicharo+ Cernicharo+ phase lag Pardo+
0.2 3mm
2015.06, )
IRAM30m started Beam: 25
> 1

}
523 day 2016.10, l l Beam: 6”
2007.12, ALMA/ACA
started 2017 2019 ApJ (accepted)
SMT 10m started Heu Hou
different ALMA/ACA

behaviors first results



Why should we care mm line variations?

= A new phenomenon. Need to understand how & why.
= Can be new probes of AGB wind launching processes.

It involves pulsations, shocks, dust formation,
chemistry, wind acceleration, etc.

X The region is very small and lacking of exploration.

X-Some varying lines could come from this region.



ALMA/ACA monitoring
of IRC +10216
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ALMA/ACA monitoring of IRC +10216

The ALMA/ACA monitoring:
Goal: Explore mm line var. & search for tracers of AGB star
wind launching dynamics.
Advantage of ACA: fixed baselines.
Freq band: 1.1mm (similar to but wider than our single dish work)
Cadence: once a month.

We have monitored IRC +10216 since Oct. 2016.
(ALMA Cycle 4,5,6 & 7). 4 yrs /| 630 day = 2.3 pulsation periods.

IR J,H,K,L,M monitoring:
Crimea 1.25m

Since Dec. 12, 2017




Overview of ALMA results

The field of view:
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Overview of ALMA results

F, (Jy/beam)

Phase center spectra: 1/2 of one of the 4 line windows
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Overview of ALMA results

Phase center spectra: one of the 4 line windows
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Overview of ALMA results

Phase center spectra: all 4 line windows
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Overview of ALMA results

Example light curves and average line profiles:
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Overview of ALMA results

SiS 14-13 light curve
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Overview of ALMA results

In shape

() var
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In shape
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Challenges in
constraining flux
uncertainties.



Challenges in flux uncertainty handling

e The CLEAN method:

A baseline:
Image plane

a visibility
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UV plane
A

4

Dirty beam Vo,j = po(uj, v;)et®%:¥i) = xq(uj, vj) +iyo(us, v;)

~ Major shortcomings of CLEAN:
*Correlations of visibility are not included.



Challenges in flux uncertainty handling

* Stro
e The CLEAN method: troers
Visibility correlations. ISM = another random field

Correlation size scale

Correlation time
4 Share of atmosphere and ISM (scintillation)

<4 Share of antennas

Atmosphere = a random field
Correlation size scale
Correlation time

¢ P
® O o
o
Wave trains= )
signal +/* noise 2

The noise can be
partially correlated




Challenges in flux uncertainty handling

e The CLEAN method:

A baseline:
Image plane

a visibility
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~ Major shortcomings of CLEAN:
*Correlations of visibility are not included.
*Transfer of observation error is not considered.
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~ Major shortcomings of CLEAN:
*Correlations of visibility are not included.
*Transfer of observation error is not considered.
*Pixel correlations are not considered adequately.



Challenges in flux uncertainty handling

 For our ALMA monitoring project:

We hope to decently constrain
the flux uncertainties and their correlations
in both spatial and time dimensions.

But, it is impossible with CLEAN

We are trying to make a new approach by ourselves!



First ALMA results:
a qualitative presentation



Qualitative ALMA results

Define three average spectra:
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Flux Jy/beam

Qualitative ALMA results

The line profiles can be divided into three groups:
1) stable lines;
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Flux Jy/beam

Qualitative ALMA results

The line profiles can be divided into three groups:
1) stable lines;
2) those correlated with IR & mm cont.;
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Qualitative ALMA results

The line profiles can be divided into three groups:
1) stable lines;

2) those correlated with IR & mm cont.;

3) those anti-correlated with IR & mm cont.
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Qualitative ALMA results

Comments to the three types of behavior:

e¥* Stable lines: in-band calibration possible?:™ '

m

m X
N

lint (Jy/bea

ole Correlated lines: excited by IR light?
- Speed up dust grains => couple to Tk
- IR excitation of low lying vib. levels
- IR pumping of mm masers (e.g., SiS 14-13)

o3¢ Anti-correlated lines:
- Evacuation some levels and overpopulate some others
by IR excitations (Cernicharo+ 2014).

Eup: not correlated with the three behavior types.



Qualitative ALMA results

Qualitative comparison: ALMA vs single dish results:
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Qualitative ALMA results

Qualitative comparison: ALMA vs single dish results:
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Qualitative ALMA results

Qualitative comparison: ALMA vs single dish results:

Why do some lines agree and some others disagree?

Missing flux of the ALMA data

Different beam sizes: 4”’x8” vs 29”

Still need some mechanisms to operate
in the CSE to differentiate the different lines.



Summary

e Our ALMA/ACA monitoring of IRC +10216 has revealed rich
varying 1.1mm lines (125 line features: 148 lines of 20 mols
and their isotopologues + 81 U-lines).

o Still difficult to derive flux uncertainties with CLEAN. We are
trying to improve it...

Next step...
* A qualitative presentation (max, middle, min spec.) has shown:

% Stable lines; lines correlated and anti-correlated with IR &
1.1mm cont. Interpretations need to be explored.

* ALMA vs single dish:
Variation behaviors are similar for two lines, but different
for another four. The interpretation is an open question.



Fin.
iGracias!



