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The 1m Telescope

• 40 inch diameter clear • 40 inch diameter clear 
aperture f/4 primary mirror,
• 20.1 inch diameter f/7 
Cassegrain secondary 
mirror
•a corrector quartz lens 
located 4 inches above the 
surface of the primary 
mirror.



Basic Setup

Dispersive 
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System Overview



Spectrograph unit -Optical Layout

~ F/5 optics

50um fiber

CCD Pixel size=6.8um

85mm
F/1.8

~ F/5 optics

R2 Grating
Blaze angle 63.4
79 lines/mm
d=12.66um

gamma=5.75

50um fiber image appears as 4-5pixel 
spot on the CCD.=34um
m=34/50
fcol~=125mm
D=25mm



The eShel Setup at Wise

SBIG STi CCD
Scale is ~ 0.2”/pixel Focal Reducer x1.3



The Guider

SBIG ST-7 with field expander
Scale is ~ 1”/pixel ~ x5 the scale at the FIGU



eShel Images -Color

Tungsten

Tungsten+LED

ThAr



eShel Pipeline at Wise

Audela – Processing
eShel Module: eShel-2.2 

Preprocessing Preprocessing 
Spectra extraction from fits files

Matlab

UNICOR
RV calculation from the spectra

Matlab



Order 34 (Ha) 1st stage



Order 34 (Ha) 2nd stage after wavelength calib



The final Product – Flattened Spectra
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Single Order Spectrum
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Unicor: Order 16 Template and Spectrum 
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Unicor: CCF of  Order 16
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Calibration Fit Quality and Stability



ThAr Calibration



Order Table



ThAr Calibration RMS-Cal
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ThAr Calibration



The scatter vRMS

Q Factor- the amount of 
information in the measured 
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information in the measured 
spectrum (no noise)

SNR on total count for photon 
noise limited system

•Ne depends on: 

• the number of photons collected 
from the star

• the efficiency of the spectrograph 
in converting the photons to usable 
counts in the spectrum

Q depends on:

• the spectral type of the star

• the resolution of the spectrograph

• the spectral range of the 
spectrograph



Evaluating V
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Calculation of Total Signal

SP_1A_order_i
i=first order (30) to last order (50)



Calculation of SNR (SNR/pixel)

• 2 ranges:

– 6535A-6540A

– 6670A-6675A

– SNR=mean(Si)/std(Si)

• Mean of SNR for the two regions



RV Measurements HD67767

Spectral Type: G7V   mv=5.73  
Teff=5290 K Log_g=3.77 Fe/H=-0.05
RV=-44.272 +-0.093 km/s



HIP116085 (HD221354)

Spectral Type: K2V   mv=6.8  
Teff=5250K Log_g=4.4 Fe/H=0.03
RV=25.2 km/s



HIP116085 last measurements
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 RV vs. time 
 Modified at: 14-Nov-2014 15:35:11

Obj: hip116085 , Tmplt: PHOENIX-T5300logg-4.5Z-0.0-GB0.225    Obs N: 171

Median: -24.8003  |  Mean: -24.8016  |  1.48 : 0.20462  |  mean err : 0.12524
12 bad ord: 1   2   3   4   5   6   7   8   9  10  19  20

Spectral Type: K2V   mv=6.8  
Teff=5250K Log_g=4.4 Fe/H=0.03
RV=25.2 km/s
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SNR Test Results for HD67767 8/11/14
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 RV vs. time 
 Modified at: 11-Nov-2014 02:03:32

Obj: HD67767 , Tmplt: PHOENIX-T5200logg-3.5Z-0.0-GB0.225    Obs N: 205
Median: -44.1993  |  Mean: -43.9992  |  1.48 : 0.29104  |  mean err : 1.2584

12 bad ord: 1   2   3   4   5   6   7   8   9  10  19  20

Spectral Type: G7V   mv=5.73  
Teff=5290 K Log_g=3.77 Fe/H=-0.05
RV=-44.272 +-0.093 km/s
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HD67677 dV vs SNR 
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dV vs SNR Curve 

dV Vs SNR
for HD67767 & HIP116085
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eShel dV vs. SNR in Hungary

bb Virgini
mv=3.6
Type F9V



SNR vs Exposure Time 

SNR Vs Exposure Time 
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SNR Vs Exposure

SNR Vs Exposure Time 
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Seeing Variations During Two Nights

Seeing FWHM

2.0

2.5

3.0

3.5

4.0

4.5

S
e

e
in

g
 [

a
rc

s
e

c
]

0.0

0.5

1.0

1.5

2.0

1 3 5 7 9 11 13 15 17 19 21 23 25 27 29 31 33 35 37 39 41 43 45 47 49 51

Measurement

S
e

e
in

g
 [

a
rc

s
e

c
]

8/7/14 9/7/14

Fiber diameter on the sky with the focal reducer is 2”



The role of the Focal Reducer



Double Achromat Focal Reducer

49-782 Achromat 88.9mm efl
Bfl=83.96mm

47mm from current plate
Adjustable

83.96mm

10mm

Telescope focal plane

49-780 Achromat 63.5mm efl
Bfl=57.67mm

57.7mm

10mm

11.5mm

50um pinhole

Nominal Reduction factor=1.4
Measured 1.3



FIGU Coupling efficiency to the telescope
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Guiding Errors
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Guide Offset (Radius) 5/9/14
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Signal Variations

HIP116085 (HD221354)

Variation of Total Counts - Sept. 2014
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Variations of X2 in the total number of counts of the same star during a night



Estimating the Efficiency of the Spectrograph

• We can estimate the efficiency of the setup

number of counts on the CCD
Efficiency=

Number of incident photon at focal plane
Efficiency=



Estimate of the Photon Flux Above the Atmosphere

Spectral flux in photons/cm2/s/A



Calculation for HIP116085 HD221354 

• Spectral type K2V Teff=5250 mv=6.8



Taking in the Atmosphere and the Telescope



Calculate the Photon rate at the Focal Plane

Measure the photon count per each exposureMeasure the photon count per each exposure
and Calibrate it to total counts measure



Measurements of the Total Counts

 Total Counts/hr vs. Time

HIP116085 (HD221354)
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Days from 4/9/2014 

eShel efficiency estimate ~3%



From Shelyak Data

Component Efficiency

FIGU 0.57

Fiber 0.7

spectrograph 0.25

CCD 0.75

Total 0.075 =7.5%

• We can gain

• ~x1.5÷2 signal by improving the guiding 

• >x2 signal by better coupling – collecting diameter ≥ 2* seeing disc

We are a factor of ~2-3 below the expected performance 



Next Steps

• Complete dV vs SNR measurements for fainter stars 

• Improve guiding – guide on target star

• Calibrate exposure – Exposure calculator

– pre exposure  estimate of total counts  dV– pre exposure  estimate of total counts  dV

• Monitor temperature at the eShel – correlation to calibration drifts ?



Possible Actions/Options for Improvement

Action R Flux 
Gain

Actions Cost

1) Improve guiding 10000 X1.5 Change guiding to STi camera *

3) Change FR to F/3.5 10000 X2 Focal reducer to F/3.5 *

3) New Shelyak 
Spectrograph

eShel+

30000

10000

Use two fiber configuration 

•Low res

•High res

***



The End 



47mm
current setup

Original setup at f/7 focus 

mag=x1.5

Calibration fiber 
entrance

50µm pinhole 
etched in mirror 
coating mag x1 relay to 

fiber tip

Object fiber 
connector



Specs



Performance

1 hr exposure1 hr exposure



Spectrograph and Calibration Unit



The CCD camera: SBIG ST-10XME 



Quantum Efficiency



Audela Processing flow chart- BIAS/DARK/FLAT



Audela Processing flow chart- CALIB, OBJECT



Assessing the Performance of the eShel for RV 
Measurements

• Measure standard RV stars

– Study precision / accuracy and stability of the instrument

– Monitor stability along with measurement campaignst

1207.6212v2 PRECISE RADIAL VELOCITIES OF 2046 NEARBY FGKM STARS 1207.6212v2 PRECISE RADIAL VELOCITIES OF 2046 NEARBY FGKM STARS 
AND 131 STANDARDS.pdf
C. Chubak, G. Marcy, D. A. Fischer, A. W. Howard, H. Isaacson, J. A. Johnson, J. T. 
Wright

HD67767
HD88230

New ELODIE-CORAVEL high-precision standard stars
http://obswww.unige.ch/~udry/std/stdnew.dat
HD221354 (HIP116085)
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 RV vs. time 
 Modified at: 28-Sep-2014 21:35:45

Obj: HIP116085 , Tmplt: PHOENIX-T5300logg-4.5Z-0.0-GB0.225    Obs N: 183
Median: -25.5789  |  Mean: -25.52  |  1.48 : 0.68735  |  mean err : 0.21595

1 bad ord: 20

RV Measurements HIP116085 (HD221354) 
http://obswww.unige.ch/~udry/std/stdnew.dat

Spectral Type: K2V   mv=6.8  
Teff=5250K Log_g=4.4 Fe/H=0.03
RV=25.2 km/s

0 50 100 150 200 250 300 350

-27.5

-27

-26.5

-26

-25.5

t - 2456583 [days]

R
V

 [
k
m

/s
e
c
]



-24.8

-24.6

-24.4

-24.2

 RV vs. time 
 Modified at: 28-Sep-2014 23:35:37

Obj: HIP116085 , Tmplt: PHOENIX-T5300logg-4.5Z-0.0-GB0.225    Obs N: 122

Median: -25.1515  |  Mean: -25.1738  |  1.48 : 0.50387  |  mean err : 0.17681
1 bad ord: 20

RV Measurements HIP116085 (HD221354) 
http://obswww.unige.ch/~udry/std/stdnew.dat

Spectral Type: K2V   mv=6.8  
Teff=5250K Log_g=4.4 Fe/H=0.03
RV=25.2 km/s
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Motivation

• We want to estimate what should be the exposure time to get a 
certain V

– Estimate the location of the eShel setup on V vs SNR curves

– Evaluate the Q factor for the eShel for the spectral type

– Estimate the performance – plot V vs. exposure plots– Estimate the performance – plot V vs. exposure plots

• Use this data to predict the performance of the propose eShel+ 
spectrograph



eShel Science Projects



Projects:  Confirmation of BEER candidates

• Non eclipsing binaries were 
detected in the Kepler catalogue 

• Detection based on BEER 
algorithm

• Follow up measurements with the 
eShel confirmed 3 candidates so 
farfar 9.5mv

NAType

6500Teff

4.5Log_g

-0.5Fe/H

lte65-4.5-
0.5.Cond.txt

Tmp

18Nobs

0.51dV_av

[km/s]

4.4Kexp 
[km/s]

16.36Pexp

[d]



Projects: Binaries Survey for Orbit Variations
Finding Triple Systems

Kold=32±0.2km/s

Knew=32.3 ±0.06km/s
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 RV vs. time 
 Modified at: 11-Nov-2014 02:03:32

Obj: HD67767 , Tmplt: PHOENIX-T5200logg-3.5Z-0.0-GB0.225    Obs N: 205
Median: -44.1993  |  Mean: -43.9992  |  1.48 : 0.29104  |  mean err : 1.2584

12 bad ord: 1   2   3   4   5   6   7   8   9  10  19  20

RV Measurements HD67767

Spectral Type: G7V   mv=5.73  
Teff=5290 K Log_g=3.77 Fe/H=-0.05
RV=-44.272 +-0.093 km/s
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This is how they do it…



Taking The Best of the Best

• SNR>100

• Use only “stable” orders
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Noise – SNR vs. Signal

SNR Vs Max Signal

HIP116085 (HD221354) 
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dV vs Total Counts
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dV vs Total Counts

dV vs Total Counts
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Calculation of Max Signal

• Max Signal = 

– median of the smoothed (continuum) signal in the strongest order

Max(median(smoothed-P_1A_order_i))
i=first order (30) to last order (50)


