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void receiveSerial(){ IFEE B TR F¥n'Z DT H T EMVHIR

_ char *cmd; llparam#EL M command D& D e H R (&, e
SEGBRANMS long param[3]; IR BIZAR—R" "% {1+ THSEnter

"goto 12:34:56 -02:54:76”  if (Serial.available()){
buff[cnt] = Serial.read();

_rese;tt PN if (cnt> 30 || bufffent] == "¥n'){
YFELGFRATNGELAGR R buff[cnt] = "¥0';
"reset” cmd=strtok(buff, " ");

param[0]=atol(strtok(NULL, " "));
param[1]=atol(strtok(NULL, " "));
cmdAnalize( cmd, param[0], param[1]);
buff[0]="¥0";
cnt = 0;
return;

} else {
cnt++;

}

}
}
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&TTOTO ﬂutomated Thlrty cm Teleacobp at Ohshima Tamashima Observatry
Yer.0.06 (C)0.0Ohshima, 2018

%IJ /ﬁl] Tt ﬁ (Cl ' I ) Date: 2018 06 15 Fri (JST) JD: 2458285019725
1 I—I JST: 21:28:24 C: 12:28:2: GST: 06:03:22.7

LST: 14:58:03.7 Ha:-04:30:21.1 Alt(dms): 38:39:28.3

h m s 0

o WindOWS1 OPCh\% A : 19:28:24.8 Dec: 45:32:37.8  (J2000.0)
SSHTHz# L . il

o 1'—'5 - fﬂo)r mi% T Status:
(testN HK.rb) &L Comarct [] it

° tﬁ oy fRO){_LE,*&) permitted by applicable law.

Last login: Thu Jun 14 04:31:38 2018 from 192.168.0.103

02@f rc30: "% cd RubyProgram/
(g OtO . rb ) E |\ 02@f rc30: " /RubvProgram$ ruby ctrl_karacrix.rb

14

o /J\;E o) Fa:ﬁ Fﬂ }333 BOUT

1234 BIN 1100 1010

02@f rc30: " /RubvProgram$ ./zoto.rb zenith
(Ctrl karaC”X rb) At (dms) is 90:00:00.0
- HE)R
T “start to slew!!”
0.014526492865672869
(aUtOCIOse'rb) “end of slewing”
“Sidereal clock OFF”
02@f rc30: " /RubvProgram$ ./zoto.rb 19:28:26 45:37:44 on
Alt(dms) is 36:23:42.2
-196393
%0936
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KIC 98322272

Evidence of an Upcoming Stellar Merger and Luminous Red Nova

Cara Alexander, Daniel Van Noord, Chris Spedden and Prof. Larry Molnar

Funded by the Hubert A. VanderPlas Student Research Fellowship, Summer 2015

Introduction

In 2008, the star V1309 Sco brightened
by a factor of 10,000 while gradually
cooling, an explosion known as a
luminous red nova. Prediscovery
images showed V1309 Sco to have
previously been a binary star system
with an exponentially decreasing orbital
period. To learn why such mergers
occur, we need to study a binary just
before it explodes, something that has
never been done. Last summer our
group identified the binary KIC 9832227
as a merger candidate based on
observed period changes. This summer
we tested this hypothesis with new
photometric and spectroscopic
observations.

Figure 1 ‘\‘ '/

Our geometric model of KIC 983

Photometry is the study of changes in
brightness over time. Binaries are brightest
when you can see both stars and dimmest when
one is eclipsing the other. Alight curve, like 4
Figure 3 on the right, is a plot of the changing
brightness over one orbit. Photometric
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Figure 4 above shows observed eclipse times relative to those of a fixed
period. The solid line is the exponential fit our group computed last summer.
Note how our data from the past year agree beautifully with this fit. The
degree of curvature in the plot, an indicator of the rate of period change,
now exceeds that of all other observed close binaries.

However, since last summer we devised an alternative
interpretation of this plot: a third star orbiting the binary in an approximately

27 from two orientations

‘-’ As a definitive test of the

alternative, third body
hypothesis, we turned to
spectroscopic observations. By
observing shifts in the
wavelengths of spectral features,
we can learn how fast stars spin
on their axes and orbit each
other. We used large telescopes
at the WIRO observatory in
Wyoming and the APO
observatory in New Mexico to
obtain the necessary data. We
expected to see the broadened
signature of a binary, as
illustrated in Figure 5 below, with
the addition of a narrow spike

in the center (if there is in fact a

third star).
Figure 5
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In Figures 6 and 7 we display the
spectra ordered by orbital phase.
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Conclusion

Figure 8,

Our merging star hypothesis from last
summer has passed two strong tests: our
spectroscopy rules out the possibility of a
third star, while our new photometry
continues on the trajectory of a
decreasing orbital period. Even stiffer
tests lie ahead as the rate of period
decrease is predicted to hasten in the
next few years.

If correct, we expect to see a merger
and explosion within the next three to five
years, incredibly soon by astronomical
timescales. Such an event would be
visible even to the naked eye as a fourth

_ light in the crossbar of Cygnus,

perpendicular to the plane of the Milky
Way. Figure 8 is a chart of the
constellation of Cygnus about 30 degrees
across, with our binary highlighted in red.
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