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* Barnard’s Star (GJ 699):

* Closest single star system to the Sun

Star

* Highest proper motion known to date
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* Barnard’s Star (GJ 699):

* Closest single star system to the Sun

Star

* Highest proper motion known to date

* Age of 7-10 Gyr (Sun: 4.6 Gyr)
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* Barnard’s Star (GJ 699):

* Closest single star system to the Sun

* Highest proper motion known to date

* Age of 7-10 Gyr (Sun: 4.6 Gyr)

* Quiet star:

1. Very low X-ray emission

2. Lack of Halpha emission

3. Low variability

¢ Benchmark for intermediate M-dwarfs
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Obsenvatory: Maunes Kes, Hawaii, USA
Number of Spectra: 179

Telescope: ASAS
Obsenvatory: Haleakals, Hawaii, USA
LasCampanas, Atacama, Chile

Spectrograph: HARPS. I i Spectrograph: PFS.

Telescope: 3.6 m. . Telescope: Magellan IL

Obsenvatory: LaSila, Coquimbo, Chile. ; Obsenvatory: Las Campanas, Atacams, Chile.
Number of Spectra: 317 ! Number of Spectra: 43
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Spectrograph: HIRES.
Telescope: Keck.
Obsenvatory: Maunea Kes, Hawail, USA

Telescope: ASAS
Obsenvatory: Haleakals, Hawaii, USA

LasCampanas, Atacama, Chile
Number of Measurements 836

Spectrograph: HARPS. Spectrograph: PFS.

Telescope: 3.6 m. . Telescope: Magellan IL

Obsenvatory: LaSila, Coquimbo, Chile. Obsenvatory: Las Campanas, Atacams, Chile.
Number of Spectra: 317 Number of Spectra: 43




SPECTROSCOPY CARMENES

(192)

HARPS-N
8%
(74)

Spectrograph: HARPS.

Telescope: 2.6 m.

Observatory: LaSilla, Coquimbo, Chile.
Number of Spectra: 317




PHOTOMETRY M';/rth

(151)
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20%




FCAPT-RCT
20%
(344)




ANALYSIS



Stellar Activity Indicators Time-Series Analysis
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* Stellar Activity:

* Can be confused with planetary signals

* Sources:

1. Oscillations: Minutes
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Stellar Activity Sources Stellar Activity Indicators Time-Series Analysis

* Stellar Activity:

* Can be confused with planetary signals
* Sources:
1. Oscillations: Minutes
2. Granulation: Few Days
3. Rotation: Several Days
* Especially important in M-dwarfs
* First estimation

* log(Ryk) = —5.82
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Stellar Activity Sources Time-Series Analysis
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Stellar Activity Sources Stellar Activity Indicators Time-Series Analysis

* Indices:
Toledo-Padron+2018
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Stellar Activity Sources Stellar Activity Indicators Time-Series Analysis

* Indices:

Toledo-Padron+2018
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Stellar Activity Sources Stellar Activity Indicators Time-Series Analysis

¢ Indices:
Toledo-Padron+2018
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Stellar Activity Sources Stellar Activity Indicators Time-Series Analysis

* Indices:
1. Ha Toledo-Padron+2018
A
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Stellar Activity Sources Stellar Activity Indicators Time-Series Analysis

* Indices:

Toledo-Padron+2018
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Stellar Activity Sources Time-Series Analysis

RV = (136.6 + 8.5) m/s — —
B = (441 £ 50) m/s per Np

RV = (-165.3+9.1) m/s ——
B = (453 + 52) m/s per Np —




Stellar Activity Sources

* Indices:
1. Ha
77— A
A
2. CaHK
H+ K
§ =
R+V
3. NaD
Dy +D,
~ L+R
4., FWHM

FWHM = 2/21n(2) o

5. Photometric Magnitudes
6. Chromatic Index

7. Bisector Span

Stellar Activity Indicators

Profile

Bisector Points

Time-Series Analysis



Stellar Activity Sources Stellar Activity Indicators Time-Series Analysis

* Subsequent Process:

1. Average per night
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* Subsequent Process:
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Stellar Activity Sources Stellar Activity Indicators Time-Series Analysis

* Subsequent Process:

1. Average per night

H,
cooooo

WRBUOOD hn s hinin
LououoL NPV O

a) 2oinvalues

b) 30 in errors

2. Remove outliers

CaHK

* Flares

HIRES-Blue ¢ UVES
HIRES-Red ¢ PFS

3. Offsets : ' HARPS-Pre2015 & APF
HARPS-Post2015 ¢ HARPSN
CARMENES

e Time Windows

¢ FCAPT-RCT ¢ ASAS
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Stellar Activity Sources Stellar Activity Indicators Time-Series Analysis

e Structure:

1. Generalized Lomb-Scargle periodogram (GLS)
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Stellar Activity Sources Stellar Activity Indicators Time-Series Analysis

e Structure:

1. Generalized Lomb-Scargle periodogram (GLS)

2. False Alarm Probability (FAP) levels from

Bootstrapping
O signal to be isolated

* 10000 iterations

3. Pre-whitening for a single instrument O Model to be subtracted
* Double sinusoidal fit
4. lsolate each individual signal
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RESULTS



Ha CaHK NaD FWHM Photometry

* Results:

* 618 measurements
» <H>=0.48

e Mean Error=0.001
« RMS=0.01

Toledo-Padron+2018
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Ha CaHK NaD FWHM Photometry

* Results:

* 348 measurements
e <S5>=463

e Mean Error=0.06
e RMS=0.6

Toledo-Padron+2018
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Ha CaHK NaD FWHM Photometry
* Results:

e 448 measurements

« <N>=0.19
e Mean Error=0.01
e RMS=0.02

Toledo-Padron+2018

I ~— Period=200.8 days
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Ha CaHK NaD FWHM Photometry

* Results:

* 448 measurements ¢ Differential Rotation

* <N>=0.19 * 40% in the Sun
* Mean Error=0.01 * 25 days in the equator
* RMS=0.02 * 35 daysin the pole

* 15% in Barnard
* Comparing the Ha and NaD values

Toledo-Padron+2018

Period [days]



Ha CaHK NaD FWHM Photometry

* Results:

* 387 measurements
* <FWHM>=4.52 km/s

* Mean Error=0.0005 km/s
* RMS=0.006 km/s

Toledo-Padron+2018
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Ha CaHK NaD FWHM Photometry

¢ Results:

* 1390 measurements
* <V>=9.5mag

* Mean Error=9.2 mmag
* RMS=15.4 mmag

Toledo-Padron+2018
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Ha CaHK NaD FWHM Photometry

¢ Results:

* 1390 measurements
* <V>=9.5mag

* Mean Error=9.2 mmag
* RMS=15.4 mmag

Toledo-Padron+2018
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Planet Rotation Period Long-term Cycle

* Conclusions: From Ha, NaD and V-band photometry time-series:

* P, =145 £ 15days
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Planet Rotation Period Long-term Cycle

* Conclusions: From Ha, NaD and V-band photometry time-series:

* P, =145 £ 15days

* Differential rotation between 130 and 180 days
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Planet Rotation Period Long-term Cycle

* Conclusions: From Ha, NaD and V-band photometry time-series:

* P, =145 £ 15days
* Differential rotation between 130 and 180 days

* One of the lowest rotation known to date

G Stars

K Stars
Early-M Stars
Mid-M Stars
Sun

GJ699

—5.0 —4.5
logio( Ry k)

Toledo-Padron+2018







Planet Rotation Period Long-term Cycle

* Conclusions: From CaHK and V-band photometry time-series:

* Cycle =10 * 2 years

* Not expected for a completely
convective star like Barnard

* Opposite behavior from the Sun

Amy[mag]
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Planet Rotation Period Long-term Cycle

* Conclusions: From CaHK and V-band photometry time-series:

* Cycle =10 * 2 years

* Not expected for a completely
convective star like Barnard

* Opposite behavior from the Sun

* Active FGK stars: Spot-dominated stellar

surface

1. Spot dominate brightness changes

2. Plages dominate chromospheric and

X-ray emission

Amy[mag]

5000 6000 7000
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Planet Rotation Period Long-term Cycle

* Conclusions: From CaHK and V-band photometry time-series:

* Cycle =10 * 2 years

* Not expected for a completely
convective star like Barnard

* Opposite behavior from the Sun

* Active FGK stars: Spot-dominated stellar

surface

1. Spot dominate brightness changes

2. Plages dominate chromospheric and

X-ray emission

Barnard’s Star is not an ‘active star

Amy[mag]

5000 6000 7000
BJD — 2450000

Toledo-Padron+2018
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