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The 1m Telescope

4 40-1MCH TELESCOPE

* 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.
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System Overview




gamma=5.75

R2 Grating

Blaze angle 63.4

79 lines/mm
d=12.66um

Spectrograph unit -Optical Layout

CCD Pixel size=6.8um
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The eShel Setup at Wise
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SBIG STi CCD

Focal Reducer x1.3 Scale is ~ 0.2"/pixel



The Guider

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



eShel Images -Color

Tungsten

Tungsten+LED




eShel Pipeline at Wise

Audela — Processing
eShel Module: eShel-2.2

Preprocessing
Spectra extraction from fits files
Matlab

UNICOR
RV calculation from the spectra
Matlab




Order 34 (Ha) 15t stage
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Order 34 (Ha) 2nd stage after wavelength calib
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Normalized Spectra

The final Product — Flattened Spectra
20 orders x No of observations

HD67767 20141110T142923
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1.3

Single Order Spectrum

HIP116085 ORDER 34 (16) 900s
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Normlized flux

Unicor: Order 16 Template and Spectrum

hip116085 Order 16 spectra
Template: PHOENIX-T5300logg-4.5Z-0.0-GB0.225
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Score

Unicor: CCF of Order 16

hip116085 Order 16 CCF
Template: PHOENIX-T5300l0ogg-4.5Z-0.0-GB0.225
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Calibration Fit Quality and Stability



ThAr Calibration

W order W calc W ohs
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Order Table

HDU j ~| j W oder ¥ calc W oobs
order | flag | min_x | max_x | FO | P1 ‘ P2 P3 P4 P5 | yC | wide_y | wide_x ‘ slant | rms_order | central AD Al A2 A3 | rms_cal | fwhm ‘ disp | resolution | nb_lines ‘
20 1 100 2000 1.009519E+003  1.316368E-001 B.E79312E-005 -1.184E52E-009 1.183942E-012 -3075341E-01E  1071.00 12 12 000 00748 7485022  1.38060SE+000 -3 200825E-004 5.737206E-003 EA5ZB41E-0T1 00381 481 0151 102937 2%
3 1 100 2000 9.862860E+002 1.3224BGE-001 -6.E49684E-005 -4.194367E-003 2 BE3257E-012 -5.258613E-016 1043.00 12 12 000 00468 7243569 1.282720E+000 -1.844324E-004 1.428591E-007 E160363E-013 002398 423 0144 117397 ]
32 1 150 2000  9.623B10E+002  1.335423E-001 -6.627645E-005 -4.724B66E-003 2744072E-012 -5425714E-016 1026.00 12 12 000 00356 07208 1.767I8E+000 9.038324E-006  1.172155E-007 -4.8903F1E-012 00106 432 0740 115538 13
33 1 200 2000 9.3772F0E+002  1.351216E-001 -B.668332E-005 -4.582327E-003 2 613132E-012 -5.063431E-016  1003.00 12 12 000 00365 6304565 1.118005E+000 1.628306E-004 8.876865E-003 -1.021414E-011 00080 442 0136 113003 12
34 1 250 2100 9121792E+002  1.380790E-001 -7.037854E-005 -3132454E-010 7.604787E-013 -1.573130E-016  973.00 12 12 000 00423 6604431 1.043621E+000  4.280520E-004 -4.385323E-008  1.532060E-011 00037 470 0131 107138 14
35 1 270 2100 8.859897E+002  1.393410E-001 -7103071E-005 -7 116485E-010 6.72760SE-013 -1.330314E-016  954.00 12 12 000 00515 6415733 1.008922E+000 6105325E-004 -1.485475E-007 37167824E-011 00121 473 0126 105340 18
36 1 300 2100 9.5EEB42E+002  1.434680E-001 7 496973E-005 2632160E-009 -7.179833E-013  8.840334E-017  928.00 12 12 000 00B03  E23F 618 99055959E-001 B 445743E-004 73B0F07E-O0S -4.328930E-011 00138 604 0122 101063 20
i 1 3300 2100 8.297314E+002  1.5126BEE-001 -B.728693E-005 1.336801E-008 B301MAIE-012  8218021E-016  802.00 12 12 000 00768 BOBSA3E  947E344E-001  8.373935E-004 -H901733E-003 -1.198183E-010 00185 601 0121 938418 16
a8 1 3E0 2100 8.007S51E+002  1.535939E-001 -B.784370E-005 1.311877E-008 5120115E-012 7.896821E-01E  874.00 12 12 000 00242 5909228 1124013E+000 -B.324170E-004 3EESES0E-006 -2499321E-009 071102 5ES 0116 80132 15
29 1 390 2000 7.B9E018E+002  1E1FF21E-001  -9.925107E-005 2249857E-008 -B.988120E-012 1.40F16SE-015  846.00 12 12 000 00977 5FRFF09  1.002229E+000 1.304327E-003 -S.005462E-007 372098EE-010 00200 540 0118 90694 12
40 1 400 2000 7.350033E+002 1.835333E-001 -1.389385E-004 5884216E-008 -2 472783E-011 3 984567E-015  817.00 12 12 000 01303 5613766 BE4BE02E-001  5.308859E-003 -5.056943E-006 3533508E-003 01450 568 0109 50657 14
4 1 450 2000 7.01736SE+002  1.833308E-001 -1.446637E-004 6229243E-008 -2534207E-011  4.166533E-015  7E7.00 12 12 000 01276 5476845 1.163663E+000 -1.562613E-004 2.72250BE-006 -1.838007E-003 00308 543 0103 92362 17
42 1 460 2000 B.70Z276E+002  1.8918035E-001 -1.236471E-004 4. 256B30E-003 -1.760852E-011  2.840453E-015  755.00 12 12 000 01208 5346444 -1.833493E+000 1.230285E-002 -1.233074E-005 3487217E-003 02519 519 0102 100307 15
43 1 430 2000 6.284005E+002  2200617E-001 -1.9077S0E-004 1.010374E-007 -4.133423E-011 G6B88G686E-015  723.00 12 12 000 01487 5222108 9382631E-0001  S.043601E-003 -3.906474E-006 3 805563E-003 02706 664 0102 F7135 14
44 1 500 1900 5.970868E+002 1.977247E-001 -1.431625E-004 5932935E-008 -2523B50E-011  4193170E-015  6EA.00 12 12 000 01172 5103424 1.341568E+000  4.437757E-004  1.374882E-006 -1.538750E-009 07128 516 0101 97902 14
45 1 BO0 1900  GEO7D28E+002  1.940160E-001 1.294303E-004 4 653534E-008 1.900052E-011  3120127E-015  E54.00 12 12 000 0114 4530014 1.202885E+000 3. 212187E-003 -4.935183E-006 1.353662E-009 071234 641 0036 95714 15
46 1 520 1900 5.2B33BE+002 1.783896E-001 -9.455011E-005 1.434245E-008 -E.073303E-012 1.0B8345E-015  E18.00 12 12 000 00837 4881636 1633100E+000 -1.249534E-003 4.4595772E-006 -3416B28E-009 02031 641 0036 93520 12
47 1 B30 1900 4.B16ESSE+002 1.963169E-001 -1.217649E-004 3 747E74E-008 -1.56E57RE-011  2590253E-015  &E1.00 12 12 000 00713 4FFFETI  1.26480BE+000 B.029955E-003 1.411029E-005 7192038E-009 02515 465 0093 110796 10
48 1 BED 1900  4.402567E+002  1.945943E-001 -1.112939E-004 2702234E-008 -1.110372E-011  1.832003E-015  542.00 12 12 000 00444 4678138 1.918403E+000 -8.2554B83E-003 1.312697E-005 -E182B01E-008 03615 474 0091 108163 14
43 1 560 1800  8.036635E+002 -1.403833E+000 2.7S056RE-003 -2661819E-006 1.261076E-003 -2327301E-013  517.00 12 12 000 20854 4532666 -3450865E-001  1.003451E-002 -1.434522E-005 5147585E-003 03180 342 0038 1517539 12
50 1 BO0 1800  3.981613E+002 1.833773E-001 -9.618336E-005 1.416873E-008 -6.204332E-012 1.123553E-015  502.00 12 12 000 00451 4431013 B268248E-001  Z649722E-003 -4.685312E-006 2483318E-003 03387 463 0033 103241 10

nrderlﬁag | min_x | max_x |rn'|s_n:|ru:|er central | AD | Al A2 A3 |rms_ca|| fwhn'l| disp |resnlutin:|n | nh_lines|
30 1 100 2000 00742 7495022 1.380B09E+000 -3200825E-004 G 737206E-008 GES2841E-011 0038 481 0151 102937 25

42 1 150 2000 0.0356 7017.208 1.176798E+000 9.038924E-006 1.172158E-007 -4.890391E-012 00106 432 0140 115538 13
331 Zo0 2000 00365 EBB04565 1.118005E+000 1.62880GE-004 S87ESESE-O0S -1.021414E-011 00080 442 0135 113003 12
4 1 250 2100 0.0429 E604.431  1.043621E+000 4.280520E-004 -4.985328E-008 1.532060E-011 00037 470 0131 107138 14
B 1 20 200 00515 EB415.733 1.008922E+000 G£.105325E-004 -1 485475E-00F 2167824E-011 00121 473 0126 105340 18
3/ 1 300 2100 00E09  E237.518 9905599E-001 E.445743E-004 -7 350707E-009 -4.328930E-011 00138 504 0122 101063 20
71 3530 2100 00768 GOG2.936 9.476344E-001 8.373939E-004 -9.901739E-009 -1.198183E-010 0185 501 0121 99848 16
3|1 30 2100 00842 5909228 1.124013E+000 -538417F0E-004 3 GEEEB0E-O05 -2499321E-008 01102 565 0116 90132 15
(38 1 330 2000 0.0977 5757709 1.002229E+000 1.304327E-003 -9.005462E-007 3.720986E-010 00200 540 07118  9069.4 18 )
40 400 2000 071303 GR13.766  ERIBEOZE-OOT 5 A09950E-003 -90RE49E-005 3 539508E-009 01450 GE8 0109  O066.7 11
41 1 450 2000 01276 5476845 1.169663E+000 -1.562613E-004 2 727506E-005 -1.898007E-008 00808 543 0109 92362 17
42 1 480 2000 01208 5346.444 -1.899493E+000 1.290288E-002 -1.293074E-005 3487217E-008 02519 5139 0102 100907 15
43 1 480 2000 01487 5222108 9.382631E-001 5043601E-003 -B906474E-005 3B055R9E-008 02705 BG4 0102 77135 14
4 1 500 1300 01172  5103.424 1.341568E+000 4.437757E-004 1.374882E-006 -1.538750E-008 01281 516 0101 9790.2 14
45 1 500 1300 01114 4990014  1.202885E+000 321Z187E-003 -4935189E-005 1.353B62E-008 01294 541 0095 95714 15
4 1 520 1300 0.0897  4891.536 1.633100E+000 -1.249534E-003 4.495772E-006 -3416828E-009 02031 541 00% 93320 12
47 1 530 1900 00713  477FE7S  1.26480BE+000 £.083959E-003 -1.411029E-005 7.192038E-009 02515 465 0093 1107396 10
48 1 560 1300 00444 4678138 1.918403E+000 -B.755483E-003 1.312ZB97E-005 -6182801E-008 03615 474 0091 108153 14
43 1 550 1500 20854 4582 6BE -3 450955E-001  1.009451E-002 -1.43482°E-005 5.147585E-009 03190 342 0088 151753 12
50 1 600 1800 00451 4491013 E268249E-001 2E649720E-003 -4 F95312E-006 2489918E-009 03387 463 0089 109241 10



Calibration RMS

ThAr Calibration RMS-Cal
HIP116085 20141008T095506
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ThAr Calibration
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The scatter dovgys

OV orrg =

C
0-JN.

Q Factor- the amount of

information in the measured SNR on total count for photon
spectrum (no noise) noise limited system

Q depends on: Ne depends on:

* the spectral type of the star « the number of photons collected

« the resolution of the spectrograph from the star

» the spectral range of the * the efficiency of the spectrograph
spectrograph in converting the photons to usable

counts in the spectrum



Evaluating oV

. C




Calculation of Total Signal

>P 1A order i
i=first order (30) to last order (50)




Calculation of SNR (SNR/pixel)

« 2ranges:
— 6535A-6540A
— 6670A-6675A
— SNR=mean(S;)/std(S,)
« Mean of SNR for the two regions

HDG67767

Normalized Spectra

| | | | | |
6520 6540 6560 6580 6600 6620 6640 6660 6680
Wavelength [A]



RV [kmv/sec]

RV Measurements HD67767

RV vs. time
Modified at: 16-Nov-2014 22:10:54
Obj: HD67767 , Tmplt: PHOENIX-T5200logg-3.57-0.0-GB0.225 Obs N: 292
Median: -44.2419 | Mean: -44.1121 | 1.48c:0.30754 | mean err ; 0.94652
12badord:1 2 3 4 5 6 7 8 910 19 20

e e e

Spectral Type: G7V mv=5.73
] I A Teff=5290 K Log_g=3.77 Fe/H=-0.05
| RV=-44.272 +-0.093 km/s
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RV [km/sec]

HIP116085 (HD221354)

Median: -24 828 | Mean: -23.2491 | 1480 :0.30763 | meanerr: 1.0192
12badord1 2 3 4 56 7 8 91019 20

RV vs. time

Modified at: 16-Nov-2014 23:28:55
Obj: HIP116085 , Tmplt: PHOENIX-T5300logg-4.52-0.0-GB0.225 Obs N: 238

— ---------- Spectral Type: K2V mv=6.8 ---------
| Teff=5250K Log_g=4.4 Fe/H=0.03 g g
IS S R RV=25.2 km/s IS S SO S
— *h ----------------------------------------------------- T % Mgl
AN I s s LBLIEE
E S . . e . — . —
| i |
0 50 100 150 200 250 300 350 400

t - 2456583 [days]



RV [km/sec]
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=27

-28

HIP116085 last measurements

RV vs. time
Modified at: 14-Nov-2014 15:35:11
Obj: hip116085 , Tmplt: PHOENIX-T5300logg-4.57-0.0-GB0.225 Obs N: 171
Median: -24.8003 | Mean: -24.8016 | 1.48c5 : 0.20462 | meanerr:0.12524
12badord: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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-30

RV [km/sec]

SNR Test Results for HD67767 8/11/14

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 | 1.485:0.29104 | meanerr: 1.2584
12badord: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
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10

dV [km/s]
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HD67677 dV vs SNR
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dV vs SNR Curve

dV [km/s]

©
—
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dV Vs SNR

for HD67767 & HIP116085
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HIP116085 (HD221354)
mv=6.8 K2V

HD67767
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120 140
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Several Nights




eShel dV vs. SNR in Hungary

Affordable spectroscopy for 1m-class telescopes:
recent developments and applications

B. Csak!2, J. Kovacs!'?, Gy.M. Szabé!'2?%, L.L. Kiss?3, A.Dézsa!2,
A.Sédor? and 1. Jankovics'2

L' Gothard Astrophysical Observatory and Multidisciplinary Research Center
of Lordnd Edtvos University

2 ELTE Gothard-Lendiilet Research Group
9700 Szombathely, Szent Imre herceg u. 112., Hungary

* Konkoly Observatory, Research Centre for Astronomy and Earth Sciences,

Hungarian Academy of Sciences Figure 1. Left: The 0.5m RC telescope of GAO used exclusively for spectroscopic

1121 Budapest, Konkoly Th. M. 4t 15-17., Hungary observations. Center: The eShel echelle spectrograph and its accessories: the QSI 532ws

CCD camera and the ThAr unit with its power supply box in a thermally isolated

concrete room below the 0.5m RC telescope at GAO. Right: 1m RCC telescope of PO.

1000
B Virgini
m,=3.6
E 100 oo 1 Type F9V
-
10 . i . ;
0 50 100 150 200 250 300

SNR

Figure 2. Errors of the radial velocities plotted against the signal to noise ratios. The
values were derived from the series of spectra with increasing exposure time of radial
velocity standard star § Vir. It can clearly be seen that SNR values higher than 150
give no further significant decrease in the RV error.



SNR vs Exposure Time

SNR
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SNR Vs Exposure

SNR

90 1

80

SNR Vs Exposure Time
HD67767 mv=5.7 G7V
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1000

30s > 200m/s > m,=12 2.8hr
4s - 800m/s > m,=12 0.37 hr=22min
For the same spectral type




Efficiency
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Seeing Variations During Two Nights

Seeing [arcsec]

Seeing FWHM

4.5
4.0 -~ .

3.5 +—1H -
3.0 H} — L HDH

2.5 MHHH e HE—nd 1 | HHHH I
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Fiber diameter on the sky with the focal reducer is 2”




The role of the Focal Reducer




Double Achromat Focal Reducer

47mm from current plate ‘ Telescope focal plane
Adjustable /
Focal Reducer |
83.96mm
+
D = 30
fiber = “THH 49-782 Achromat 88.9mm efl
Bfl=83.96mm
De, 10mm = 49-780 Achromat 63.5mm efl
er .
— — 145 BflI=57.67mm
Ofhar = = 145 arcsec 11.5mm @
ft'zl | } 5 i '; .
HAding -qr-grs.x‘:/ 2 Achmenat - L= Smm
FRo=14 57.7mm (55 i
= * t o1 T [e==21) . }
DﬂbEI’.FR' 1 -r‘ i Achormat = L = 40rmem
Ofihar g = ———— = 2.03arcsec D = B e
- ftE]. = < Achiornat = Fu = 1S

Nominal Reduction factor=1.4
50um pinhole Measured 1.3




Transmission
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FIGU Coupling efficiency to the telescope
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Coupling efficiency 50% ~20% Here we can gain x2-4
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Guiding Errors

I
scale at FIGU 0.19 arcsec/pix

scale @ Guider 1.023 arcsec/pix




Guiding Offsets Pinhole

Offset Radius [arc sec]
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Signal Variations

Normalized Total Counts

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

Effici =
clency Number of incident photon at focal plane



Estimate of the Photon Flux Above the Atmosphere

Spectral flux in photons/cm?/s/A

—04.-m
| Cy-10 °
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Cy = 348100 -
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Calculation for HIP116085 HD221354
« Spectral type K2V Teff=5250 m =6.8

m,, = 6.8 BC =02

My = m,, + BC =66

A 45300- Angstrom

esl —
Aagr = T600-Angstrom
" Mag)
d_. = £ n T ol dh = 22 % 101 :
star -~ |_ = M) - Eff'[l'_:' = s A
X m -hr

=2z



Taking in the Atmosphere and the Telescope

Atmosphere
k, =024
| . Telescope

for airmass the extinction is:

aitmass = |

oit Dpﬂm = 1016mm
Toeqm =10 s
Dsec = 308mm

7 b 4

™ |"-. L s
_-IILtE]_ = I.I':.men - DSEE— _,." = Dﬁ'].ﬂ"l

Telescope effificiency

Ttel -= Rpmn'Rsec'tcnrr_IEﬂs =054



Calculate the Photon rate at the Focal Plane

11 1
P]mtnnmt& = @star"ratn'ﬂt&l 'Atel = 1= 10 E

Measure 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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~2.5%10° .
*
2.E+09 - . n
?
H : .
‘ L 2
1.E+09 +4; v J
Y, : :
s | » | # R S . s
5.E+08 - 3 B r
> |t
O.E"'oo T T T T T T T T T T T T T T T T T T T T T T T 1
0 1 2 3 45 6 7 8 9 1011 12 13 14 15 16 17 18 19 20 21 22 23 24
Days from 4/9/2014
9 N - . -CCD,__.
) - — 75 - tsHIP116083 hr
NeountsHIP116085_hr = 2% 10 fgpe = — o
P

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

« We can gain
« ~x1.5+2 signal by improving the guiding
« >Xx2 signal by better coupling — collecting diameter = 2* seeing disc



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

Monitor temperature at the eShel — correlation to calibration drifts ?



Possible Actions/Options for Improvement

Action R Flux | Actions Cost
Gain
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 30000 Use two fiber configuration FrE
Spectrograph 10000 ‘Low res
eShel+

*High res




The End



Original setup at f/7 focus =
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Specs

Technical Specifications

Fiber Injection & Guiding Unit
Optimal telescope F/D F/6
Mirror hole & fiber core diam, 50 pm
Telescope adaptation %12'0.?5 (T standard)
Back focus I
Total efficiency I\Eﬂ%ﬂzw
Weight without camera SO0 gr
Size without camera 10%x7 xBcm
Guiding port adaptation C mount standard
Optional Guiding camera Watec 120N+ recommended
Telescope diameter F/6focal Fibre Size
20 cm 12m a3
40 cm 24m 42"
60 cm 36m 28"
B0 cm 48m 1"
im 6.0m 1.7°
1.2m 72m 14"

Spectrograph
Input 50 pm FC fiber
Collimator F/D 5
Grating R2 echelle
Cross disperser Prism
Objective Canon EOS  (85mm f/1.8)
Spectral range 430-710 nm
Power of Resolution R > 10000
Resolution (Ha) 0068 nm
Totalefficency  {25% )
Standard fiber's length 26-m”” (calibration & object)

Optional CCD Camera QSI516ws  QSIS32ws
KAF1603me  KAF3200me
13.8x9.2 nm 14.910.3 mm

Chip (Kodak)
Size
Max QE

9 pm
7%

6.8 pm
82%

Calbration Unit
Calibration lamp Thorium-Argon
Flat lamp LEDs
PC interface RS5232
Dimensions 22x13x 27 cm
Calibration Automated

Software
Operating System MS Windows
Platform AudelA
Scirpting/Language ~ Tcl/Tk
Licensing Dpen Source
Processing Fully Automated
File format FITS
Export ASCII, BeSS



Performance

T—— s | S/ie® | §/B=3160
D=20 cm F/D=5.9 | (Celestron8) iy 1 a8 | i <
D=28 cm F/D=5.9 (Celestron11) | 9.6 | 87 . r
D=35 cm F/D=5.9 (Celestron 14) 10.0 . 80 8.1
D=40 cm F (Dobson) 10.3 | 9.2 | 8.4
IL‘IIHI F/D=3.5 | - 110 10.0 9.1

115 105 1 96

1 hr exposure

Radial Velocities performances

S

[ Magnitude | Celestron 11-f/5.9 | 60 cifi - f/3.5
§

3 3mis - 18
T 56 m/s 28 m/s
5 95 m/s | 46 m/s
6 175 m/s | 75m/s
S 360 m/s 140 m/

iB




Spectrograph and Calibration Unit




The CCD camera: SBIG ST-10XME

ST-10XME and ST-10XMEI

a divion of Aplegen, Inc.

The Model ST-10XME i the flagship of the "ST" seriss of seli-guiding CCD cameras
from SBIG. The bady is identieal to the ST-TXME, ST-BXME. ST-9XME and ST-2000XM

medels with seme slight medifications ta sccommondate the larger deteetar. Like ather

self-guiding cameras in the ST series, the ST-I0XME contains two CCDs. In this case,

the imaging CCD is an enhanced KAF-300ME imaging detscror from Kodsk with 3.2

million pixels The guiding CCD is the TC-237H with 657 x 495 pixels. The Model ST-10XMEI is essentially the same camers
withoue the guiding CCD and seme sccessaries. As of Mareh, 2006, both the single CCD and dual CCD models eame with the
Remate Guide Head port for ataching an external guiding head. Bath the ST-10XME and ST-10XME| eameras use the same
elecronics and USB 1.1 interface that is 25 fast or faster than some competitars’ USB 2.0. Moreover, the USB 1.1 interface is
easily exsended up to several hundred feec with commenly available and refatively inexpensive LIS extenders whereas USB 2.0
s not_ Fer 3 comparison of the ST-10XME and ST-10XMEl please refer to the ehart below. See the table below for a comparisen
of the two versions

The additien of & miere lens layer ever the pixels of the CCD has signifieantly inereased the quantum effisiency of the KAF-
3200ME detector. The peak QE for this CCD is over B5%. Previously, this level of QF was achievable only through the expensive
process of thinning the wafer and lluminating the image sensor from the backsice. The QE far the blue wavelength of 400 nm
s nearly double that of the J200E and there is 3 30% increase in QE over the 3200€ (from 65% to B5%) at the important deep
red Healpha emission line.

Excepe for the increased QE, the CCD specifieations remain the ssme a5 the 3300E: 2184 x 1472 pixels ar 6.8 mierans with the
same Jow read noise and low dark eurrent as the KAF-3200E CCD. The casmetic grades alsa remain the same. a Class 2 CCD
s free of column defects. This 3.2 megapixel CCD has a Full Frame Resolution of 2184 x 1472 pixeds ar 6.8 micrens making it
an ideal eamera for wide field apochromatie refractors. The active imaging area is | 7% greater than the ST-BE and the arrays
contain approximately twice as many pixels. The imaging camera includes an elecero-mechanical shurer, 16 bit analog o digiol
{AID) converter, regulated temparature contrel with all of the electronies intagrated into the CCD hesd. Communication to
the PC is through the USB port with image dars transfer at up to 425,000 pixels per second.

Relative Quasium Efisieney
bt e

tun Vs EAF- g0k

The KODAK DIGITAL SCIEMCE™ KAF-3200F Image
Senser is a high density, full-frame Blue Plus image sensar.
It feins the family of Kedak Blue Plus sensors with Imgreved
quancum efficiency across the visible spectrum, Uhradow
dark current of less than le-/pixelisecond at O degrees C
{eypieal) allows moderate cooling for applications invelving
extended expasures. With an impreved liguid eseling design.
the ST-10XME esmeras will reseh apprenimacely 45 degrees
€ below ambient temperature for best performance even in
hot climates.

Thers are also hall-frame and quarter-frame modes svailble
Although the ST-10XE/XME camera s a perfect match to high oy ey resolution serting, Moreover, even when binned 2x2
quality refractors in high resolution mode, with 3.2 million ., 3,3 the number of pixels is seil comparsble o the STIXE.
pinels the ST-1OXEMXME is exsly adspted to & variety of  SrgxE and SR9XE as the table to the right ilustrates. For
focal lengths. The various binning modes of 68, 136 a0d 204 pie i addition te 2184 % 1472 at 6.8 micrens. the user
micran pixels aliow yeu wo match the focal length of 3 wide o4 plocr 1o image at 1092 x 736 with 6.8 micran plxels o
range of telescopes and lenses to this imaging camera. 1092 x 736 with 13.6 micron pixels. In “low” resolution, full
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Audela Processing flow chart- BIAS/DARK/FLAT
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= bias-1 + GOPROCESS-BIAS — 2 Refbias
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Audela Processing flow chart- CALIB, OBJECT
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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
AND 131 STANDARDS.pdf

C. Chubak, G. Marcy, D. A. Fischer, A. W. Howard, H. Isaacson, J. A. Johnson, J. T.
Wright

HDG67767

HD88230

New ELODIE-CORAVEL high-precision standard stars
http://obswww.unige.ch/~udry/std/stdnew.dat
HD221354 (HIP116085)




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

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 | 1485 :0.68735 | mean err:0.21595
1 bad ord: 20

. | | |
= | | |

Spectral Type: K2V mv=6.8 T

-24.5 Teff=5250K Log_g=4.4 Fe/H=0.03 |
RV=25.2 km/s

-25

-25.5

RV [km/sec]
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0 50 100
t - 2456583 [days]



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

Modified at: 28-Sep-2014 23:35:37
Obj: HIP116085 , Tmplt: PHOENIX-T5300logg-4.5Z-0.0-GB0.225 Obs N: 122

RV vs. time

8-9/2014

Median: -25.1515 | Mean: -25.1738 | 1.485 :0.50387 | meanerr:0.17681

1 bad ord: 20
| I

2441

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 oV

— Estimate the location of the eShel setup on 8V vs SNR curves

— Evaluate the Q factor for the eShel for the spectral type
— Estimate the performance — plot 6V vs. exposure plots

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



eShel Science Projects



RV [kmis]
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Projects: Confirmation of BEER candidates

03-Sep-2014 18:07:40
NON-CIRCULAR PHASE-FOLDED ORBOMAT PLOT

P=16.412+0.014 days
T=2456798.59+0.13 JD
e = 0.3977 + 0.0096

o = 359.1 + 2 6 degrees
K=1020+0.16kms"
¥=-30.159+ 0059 kms"’

asini=001411+0.00019 AU

f(m) = 0.001393 £ 0.000056 M,
q=0.1205+0.0017 (M,=M___sini=1)
N=16

72 =12.85

o (unbiased)= 0.268 km s’

Non eclipsing binaries were
detected in the Kepler catalogue

Detection based on BEER
algorithm

k05200778 .
— Follow up measurements with the
eShel confirmed 3 candidates so
far mv 95
Type NA
Teff 6500
Log g 4.5
Fe/H -0.5
Tmp lte65-4.5-
0.5.Cond.txt
Nobs 18
dV_av 0.51
[km/s]
Kexp 44
[km/s]
0 01 02 03 04 05 06 07 08 09 Pexp 16.36
Phase [d]




Projects: Binaries Survey for Orbit Variations

Finding Triple Systems

CIRCULAR PHASE-FOLDED ORBOMAT PLOT

P = 6.50245 + 0.00089 days
T = 2456758.0108 + 0.0017 JD
K=32278+0055kms"
v=-0.394 +0.054 kms™

asin i = 0.019293 + 0.000032 AU
f(m) = 0.02266 + 0.00011 M_
q=0.34474.£0.00070 (M,=M___sini=1)
N=17

4% = 5963

o (unbiased)= 0.225 km s~

HD43905

RV [km/s]

051 .
EF ¥ E E
R S U A S — i
7)) E E
@ ? [

o 05+ .
| | | 1 1 | 1 1 1
0 01 0.2 0.3 04 05 06 0.7 0.8 0.9 1

K

K, ,s=32+0.2km/s

=32.3 £0.06km/s

new



RV Measurements HD67767

RV vs. time
Modified at: 11-Nov-2014 02:03:32
Obj: HD67767 , Tmplt: PHOENIX-T5200logg-3.5Z2-0.0-GB0.225 Obs N: 205
Median: -44.1993 | Mean: -43.9992 | 1.485:0.29104 | meanerr: 1.2584
12badord:1 2 3 4 5 6 7 8 910 19 20

RV [km/sec]

-34

-36

-38

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...

2.2.1. Radial velocity measurements

For radial velocity measurements we use the IRAF rv.fxcor task. Our spectra
are cross correlated by templates from the synthetic library by Munari et al.
(2005). The resolution of these templates is about 11500, almost exactly the
same as that of our spectra, therefore this library is ideal for us. Usually we chose
the template that has nearly the same effective temperature and metallicity
values as the object, but its logg and vsini values are minimal. The CCR
function is calculated between 4 900 and 6 500 A, excluding sodium doublet and
telluric regions. The radial velocity and its error is estimated from a parabola
fitting to the CCR function around its maximum. For checking the stability of
our mount each night at least one radial velocity standard star is also observed.

2.2.2. Signal to noise ratio

Estimating the signal to noise ratio of our spectra is not a trivial task because
of the many spectral orders and lines. The SNRs were measured in a relatively
line-free spectral region between 6774 A and 6 780 A as the root-mean-square
of the deviations from the maximum flux. By good seeing conditions we can
reach SNR of about 100 for an F9 V star of V = 3.6™ with 1 min exposure time
using the spectrograph on our 0.5m RC telescope. The limiting magnitude is
about V = 10.5™ with the 0.5m telescope and V = 12™ with the 1m telescope.
To record spectra of such faint stars with still acceptable SNR, at least 1 hour
of exposure time is needed. The accuracy of the derived RVs as a function of
the SNR is shown in Figure 2.



Taking The Best of the Best

SNR>100
Use only “stable” orders




Noise — SNR vs. Signal

SNR

250

200

150

100

50

10000

SNR Vs Max Signal
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dV vs Total Counts
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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)

HOU j\us F_14_34 Image 1837 jj I oder [T ocalc [T obs




