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Ho region by Paolo Berardi with a Lhires Il at R = 6000

o5 V694 Mon 2016-04-19 19:08:33 R =5804 Paolo Berardi
T T T

— N
()} o
I I

| |

—
o
i

|

relative intensity

0 ! |
6400 6500 6600 6700
wavelenght (A)

V694 Mon 2016-04-11 18:55:45 R =5700 Paolo Berardi
I I I

N N
o (6]
I I

| |

relative intensity
o
\
\

10 - -
5 _
6400 6500 6600 6700
wavelenght (A)

5 Halpha 2016-03-31 5 Halpha 2016-04-11

4 {1 4t
= =
E 2
52 1827
o o

1 1 1

0 : : : 0 : : :

-2000 0 2000 -2000 0 2000
velocity (km/s) velocity (km/s)

5 Halpha 2016-04-12 . Halpha 2016-04-19

4 1 4t
= =
53 153t
E 2
52 1582]
S 3

1 101 Ha profiles

Andrew J. Wilson:31-03 & 12-04
0 0 Paolo Berardi: 11-04 & 19-04
-2000 0 2000 -2000 0 2000

velocity (km/s) velocity (km/s)



V694 Mon

Hp region - Peter Somogyi - Lhires Il - 600 I/mm R = 2000
V694 Mon 2016-04-02 20:34:50 R =1872 P.Somogyi

relative intensity
w
\

0
4700 4800 4900 5000 5100 5200 5300
wavelenght (A)
. V694 Mon 2016-04-16 18:46:43 R =1918 PSO
T T T T T T
6
295
2
24
£
23
©
(0]
=2
1
0 | | | | | |
4700 4800 4900 5000 5100 5200 5300
wavelenght (A)
. V694 Mon 2016-04-19 18:46:52 R =1844 P. Somogyi
T T T T T T
6 — —
=95
[%2])
S 4
£
23
©
[0
=2
1
0 | | | | | |
4700 4800 4900 5000 5100 5200 5300
wavelenght (A)
Na I D region- Peter Somogyi - Lhires Il - 600 |/mm R = 2000
2\1694 Mon 2016-04-20 18:43:02 R =1881 P.Somogyi 2\1694 mon 2016-04-21 18:47:20 R =2298 P.Somogyi
15 B - 15 L
= =
B B
c c
2 2
c c
-‘;’ 1r T 'é 1
| ki
e ®
0.5 T 057
5200 5300 5400 5500 5600 5700 5800 5900 6000 5750 5850 5950 6050 6150 6250 6350 6450

wavelenght (A)

wavelenght (A)




V694 Mon compilation 2016.01.20 - 2016.04.21 by Peter Somogyi

V694 Mon has had an outburst peaked by visual magnitude
on 2016.02.11 (JD=2457430) / 2016.02.12 (2457431).

It has triggered dense observations uploaded to ARAS Database of 84 spectra | could down-
load (of approx. 40-50 could use per relevant feature, either full spectrum or tied to the given fea-
ture)

This gave me excellent occasion to experiment with metrics that could be used across
different resolutions:

-42 low res (R~500 - 1100)

- 26 low-med res (R~1900 - R~2500)

- 15 high-med res (R~5600 - R~13000)

The low-medres spectra are mostly mine, some of them repetative
around outburst or switching to different wavelength during the same night.
Aim here would be to do an aftermath what did we achieve in overall, and examine which
metrics usable across these many resolutions, based mostly on the use of many low resolu-
tion spectra. (It’s also the highest potential in amateur spectroscopy | can see these days.)
Thismeanslfullyskipanyhighresolutionanalysis, that’saslofarbeyond myknowledgeandunderstanding.

This compilation project is also a big learning step, where I've gathered abil-
ity of mastering gnuplot and deep dive in IRAF metrics, all via an automated way.
Please take this compilation as my non-professional attempt to show consistent or most typical cor-
relations, giving a concrete overview about the effort we did and where we are. But | will not be
able to give any high level analysis about physics, that’s remain for deep experts (who would also
need to go through such a processing like | did). The most demanding step requiring human inter-
vention is still a proper and accurate continuum rectification (that doesn’t necessarily require pre-
cise reference star to observe, when always rectifying it locally it’s not that much problemmatic).

Pre-processing per main features:

- H-beta region: rectified continuum to regions 4677:4715,4738:4756,4767:4794,5037:5088
A, and shifted all spectra to Fell 5019 (more precisely to 5019.452 chosen by simple average)
This way | avoided to do any heliocentric correction (arguable, but it should be fixing other calibra-
tion errors, and seemingly it arranges the graphs very nicely)
After then just used below 1 or above cut, assuming continuum at 1. (This assumption gets a bit fuzzy
at Fell absorption triplet near H-beta.)

- Nal 5890 / Hel 5876: rectified continuum to 5700:5800 A, did a 2nd order spline correction
for 5500:6200 with rejecting iterations. (All scripted, of course.)

- H-alpha region: rectified continuum to 6400:6500,6600:6650 A, shifted spectra to a common
H-alpha peak (chosen 6563A).

- a global low res. view, to provide UBVR ratio overview: all spectra mutliplied by a constant to
have a common mean in V.

As for determining the maximum velocity of H-beta and H-alpha (= the most typical question arise on
the forum), I've developed a tricky method on my own:



V694 Mon

- H-beta: bounce the absorption at half continuum, and cut its top at 0.33, then scale to 1 again

- H-alpha: bounce the absorption at 0.75 continuum (it’s much less thick!), multiply the bouncing
spectra by 2, then cut on top at half

The “bouncing” is produced via simple max/min cut and negation (* -1), just the very basic math
operations (after local continuum and spectral shift mentioned already above).

Absorptions edge velocities - blue: H-beta, red: H-alpha
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Figure 1. Hoo HP maximum velocity

This view shows the most frequent metric we read the very first. There is a sys-
temmatic difference between H-alpha and H-beta, must be due to subtle difference in de-
termination of the edge. | would say - especially for the H-alpha - it just depends on the
tricky metrics we chose. Maybe fine tuning was necessary | had not enough time to dive in.
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Absorptions - blue: H-beta, red: H-alpha (scaled)
green: FelIl 5019 (scaled), black: Nal 5890, orange: HelI 587
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Figure 2. Absorption flux Ho HP3 Fe 11 5019 Na | 5890 He | 5876

Let’s switch now to a trivial measurement style that avoids personal beliefs and tricks. From here,
| use trivial summation of pixel values on spectra between two different (self-chosen) wavelength regions,
per each feature:

- H-beta absorption: 4790-4867A
- H-alpha abs.: 6450-6563A

- Fell 5019A: 4930-5021A

- Nal 5890: 5846-5882A

The Nal 5890 absorption flux is correlating very well with Fell 5019 absorption features (and other
Fell). It is now a surprise to me, and should validate the Nal/Hel double feature where to split them.
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Velocities - blue: H-beta, red: H-alpha
green: FeII 5019
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Figure 3. Velocities Ha HP3 Fe 11 5019

Let’s not forget, for absorptions | always did a maximum cut at 1 (continuum level).
However, for H-beta at some of the lowest resolutions (R~500) the emissions intrumental widening may be
disturbing here.



V694 Mon

H-alpha/H-beta absorption EW ratio
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Figure 4. Equivalent width ratio Ha/Hf3

Here | wanted to show the opacity of Balmer absorption. This is a simple ratio of EW(H-alpha abs.)/
EW(H-beta abs.).
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Absorption velocities Na/He (chosen split at 5845A)
black: Na I 5890, orange: He I 5876
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Figure 5. Absorption velocities Na 1 5890 He | 5876

Here | was taking the EW center velocity of the double feature:
- 5846-5882A for Nal 5890
- 5810-5846A for Hel 5876

The sinusoid shape looks interesting to me, though my last observation on 04.20-21 showed Hel
completely vanished and Nal shrinked (I did find such shapes in ARAS DB from last year, so I'd assume it’s
not that unusual).
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issions (scaled) - blue: H-beta, red: H-alpha, green: Fell &
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Figure 6. Emissions Ha Hf Fe 11 5019

This graph meant to show tendencies of Balmer emission lines and Fell (here only 5019 showed).
The Fell line is very thin, it has a bigger noise. (For space reasons not attaching the other 2 prominent lines,
but they just follow the same trend.)
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v694 Mon continuum UVBR
U:380-400 (black), V:425-500 B:500-600 R:600-700 nm
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Figure 7. UBVR continuum

This diagram was produced by approximation of continuum using manually chosen regions avoid-
ing any large features (3714:3825,3986:4041,4118:4282,4354:4790,5051:5805,5882:6408,6647:6828,
6794:7200 A) and fit by a legendre polynom of order 7. Then taken 3800-4000A for U (could use Alpy
results only), 4250-5000 for B (4250A to include all spectrographs), V (5000-6000A), R (6000-7000A).
Ignored | for continuum as found it too hard to include properly.
| was sticking to continuum measurement due to being aware that features (emissions/absorp.) change
quickly and drastically (otherwise | have that graph too, but not really different).

Final words

Just for the record, there was an ATEL#8957 (2016 April 4.94 UT = JD 2457483.5) of radio emis-
sion (X band) However, observations got scarce after that time, and can’t see anything drastic change
on these diagrams.

Looking at AAVSO data of magnitudes, these features change in most of the times very inde-
pendently.

Please also be aware, that producing these graph required considerable amount of self learning, and
could be done even better (with investing more time). My current aim was just to deliver a quick over-
view from available aspects within a reasonable time, and develop a script system to visualize quickly
what we have (still needs lots of personal care, continuum rectification is a critical step, requiring deep
human verification and high care!). This dataset gave a unique occasion to develop such a helper script
toolset. Hope it’s getting more and more useful and | can contribute better quality with time.

Enjoy!
Peter Somogyi
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Recent publications

SU Lyncis, a hard X-ray bright M giant: Clues point to a large hidden population of symbiotic stars

Mukai, K.; Luna, G. J. M.; Cusumano, G.; Segreto, A.; Munari, U.; Sokoloski, J. L.; Lucy, A. B.; Nelson, T.; Nunez,
N. E.New Astronomy, Volume 47, p. 7-15

http://arxiv.org/abs/1604.08483

Abstract : Symbiotic star surveys have traditionally relied almost exclusively on low resolution optical spectroscopy. However, we can obtain a
more reliable estimate of their total Galactic population by using all available signatures of the symbiotic phenomenon. Here we report the
discovery of a hard X-ray source, 4PBC J0642.9+5528, in the Swift hard X-ray all-sky survey, and identify it with a poorly studied red giant, SU
Lyn, using pointed Swift observations and ground-based optical spectroscopy. The X-ray spectrum, the optical to UV spectrum, and the rapid
UV variability of SU Lyn are all consistent with our interpretation that it is a symbiotic star containing an accreting white dwarf. The symbiot-
ic nature of SU Lyn went unnoticed until now, because it does not exhibit emission lines strong enough to be obvious in low resolution spec-
tra. We argue that symbiotic stars without shell-burning have weak emission lines, and that the current lists of symbiotic stars are biased in
favor of shell-burning systems. We conclude that the true population of symbiotic stars has been underestimated, potentially by a large factor.

Symbiotic stars in X-rays lll: Suzaku observations

N. E. Nuiez, T. Nelson, K. Mukai, J. L. Sokoloski, G. J. M. Luna
(Submitted on 20 Apr 2016)
http://arxiv.org/abs/1604.05980

Abstract : We describe the X-ray emission as observed with Suzaku from five symbiotic stars that we se-

lected for deep Suzaku observations after their initial detection with ROSAT, ASCA and Swift. We find that the X-ray spectra
of all five sources can be adequately fit with absorbed, optically thin thermal plasma models, with either single- or multi-
temperature plasmas. These models are compatible with the X-ray emission originating in the boundary layer between an
accretion disk and a white dwarf. The high plasma temperatures of kT >3 keV for all five targets were greater than expected
for colliding winds. Based on these high temperatures, as well as previous measurements of UV variability and UV luminosi-
ty, and the large amplitude of X-ray flickering in 4 Dra, we conclude that all five sources are accretion-powered through pre-
dominantly optically thick boundary layers. Our X-ray data allow us to observe a small, optically thin portion of the emis-
sion from these boundary layers. Given the time between previous observations and these observations, we find that the
intrinsic X-ray flux and the intervening absorbing column can vary by factors of three or more on a time scale of years. How-
ever, the location of the absorber and the relationship between changes in accretion rate and absorption are still elusive.



SU Lyncris

The new symbiotic star SU Lyn
(Mukai al., 2016)
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Submit your spectra

Please :
- respect the procedure

About ARAS initiative

Astronomical Ring for Access to Spectroscopy (ARAS) is an infor-
mal group of volunteers who aim to promote cooperation between
professional and amateur astronomers in the field of spectroscopy.

To this end, ARAS has prepared the following roadmap:

e Identify centers of interest for spectroscopic observa-
tion which could lead to wuseful, effective and motivating co-
operation  between  professional and amateur  astronomers.
e Help develop the tools required to transform this cooperation into
action (i.e. by publishing spectrograph building plans, organizing
group purchasing to reduce costs, developing and validating observa-
tion protocols, managing a data base, identifying available resourc-
es in professional observatories (hardware, observation time), etc.
eDevelop an awareness and education policy for amateur astrono-
mers through training sessions, the organization of pro/am semi-
nars, by publishing documents (web pages), managing a forum, etc.
e Encourage observers to use the spectrographs available in mission obser-
vatories and promote collaboration between experts, particularly variable
star experts.

e Create a global observation network.

By decoding what light says to us, spectroscopy is the most productive field
in astronomy. It is now entering the amateur world, enabling amateurs to
open the doors of astrophysics. Why not join us and be one of the pioneers!

Be Monthly report

Previous issues :
http://www.astrosurf.com/aras/surveys/beactu/
index.htm

VV Cep campaign
http://www.spectro-aras.com/forum/viewfo-
rum.php?f=19

- check your spectra BEFORE sending them
Resolution should be at least R = 500
For new transcients, supernovae and

poorly observed objects,

SA spectra at R = 100 are welcome

1/ reduce your data into BeSS file format

2/ name your file with:

_ObjectName_yyyymmdd_hhh_Observer

Exemple: chcyg 20130802_886_toto.fit

3/ send you spectra to

Novae, Symbiotics : Francois Teyssier
Supernovae : Christian Buil
VV Cep Stars : Olivier Thizy



