
Èçâ. Êðûìñêîé Àñòðî�èç. Îáñ. 109, � 2, 51�53 (2013) ÈÇÂÅÑÒÈßÊ�ÛÌÑÊÎÉÀÑÒ�ÎÔÈÇÈ×ÅÑÊÎÉÎÁÑÅ�ÂÀÒÎ�ÈÈÓÄÊ 520.353The Ural's �ber-fed ehelle spetrograph (UFES) at the 1.2-metertelesope of the Kourovskaya astronomial observatoryA.F. Punanova, V.V. KrushinskyThe Kourovskaya astronomial observatory of the Ural Federal UniversityPunanovaAnna�gmail.omÏîñòóïèëà â ðåäàêöèþ 26 äåêàáðÿ 2012 ã.Àííîòàöèÿ. Â Êîóðîâñêîé àñòðîíîìè÷åñêîé îáñåðâàòîðèè â 2010 ã. áûë óñòàíîâëåí îïòîâîëîêîí-íûé ýøåëëå-ñïåêòðîãðà� (â �îêóñå Íýñìèòà 1.2-ì òåëåñêîïà). Ïðèáîð ðàçðàáîòàí è ïîñòðîåí â ëà-áîðàòîðèè àñòðîñïåêòðîñêîïèè ÑÀÎ �ÀÍ. Ñïåêòðàëüíûé äèàïàçîí ïðèáîðà 3900�10500 �A, ðàçðå-øåíèå R = 30000, îïòè÷åñêàÿ ý��åêòèâíîñòü íå ìåíüøå 2 %.Íàéäåíî ðàñïðåäåëåíèå ðàññåÿííîãî ñâåòà (âêëàä â èíòåíñèâíîñòü 1�2 %), ãåîìåòðè÷åñêàÿ è òåì-ïåðàòóðíàÿ íåñòàáèëüíîñòè (ñðåäíèé ñäâèã 1.8 px/◦C), èíñòðóìåíòàëüíûé ïðî�èëü (FWHM = 4�6 px), òî÷íîñòü èçìåðåíèÿ ëó÷åâûõ ñêîðîñòåé (0.3�0.4 km/s), âåëè÷èíà îòíîøåíèÿ ñèãíàë-øóì âçàâèñèìîñòè îò âðåìåíè ýêñïîçèöèè è çâåçäíîé âåëè÷èíû.Òàêæå îïèñàíû ïîòåðè ñâåòà, âîçíèêàþùèå âñëåäñòâèå àòìîñ�åðíîé äèñïåðñèè, îøèáîê ïîçèöè-îíèðîâàíèÿ îáúåêòà íà âõîäå îïòîâîëîêíà. Îïèñàíû îøèáêè àâòîãèäèðîâàíèÿ, ïðåäëàãàþòñÿ âîç-ìîæíûå óñîâåðøåíñòâîâàíèÿ.THE URAL'S FIBER-FED ECHELLE SPECTROGRAPH (UFES) AT THE 1.2-METER TELE-SCOPE OF THE KOUROVSKAYA ASTRONOMICAL OBSERVATORY, by A.F. Punanova, V.V. Kru-shinsky. A new �ber-linked ehelle spetrograph onstruted in the Laboratory of astrospetrosopy ofthe SAO RAS has been installed at the Nasmyth fous of the 1.2-meter telesope of the Kourovskayaastronomial observatory. The spetral range of the spetrograph is 3900 to 10500 �A with a resolutionR = 30000 and optial e�ieny at least 2 %.In this artile, we present results of alibration of the dispersion urve, ThAr atlas, tests on satteredlight distribution (ontribution to intensity 1�2 %), geometrial and temperature instability (average shift
1.8 px/◦C), signal-to-noise alulator, instrumental pro�le (FWHM = 4�6 px) and the determinationof radial veloity auray (0.3�0.4 km/s). Also light losses suh as atmosphere dispersion, errors ofpositioning of an objet on the �ber entrane, auto guiding errors are desribed and probable improvementsare disussed.Key words: spetrographs, detetors, image proessing, spetrosopi1 E�ieny of the instrumentThe manufaturer of the spetrograph (Panhuk et al., 2011) delared an optial e�ieny of the instrumentto be at least 2 % (optial design of the spetrograph is presented in Fig. 1). Basi features of thespetrograph aording to the tehnial doumentation (only the signal to noise ratio from our tests
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Fig. 1. Design of the optial benh of the spetrograph Fig. 2. Estimated S/N for variousmagnitudeson sensitivity) one an �nd in Table 1. We investigated possible reasons of additional light losses. Theinvestigation has been performed with IRAF software (Tody, 1993).During the test observations of Proyon at relatively high altitude (35◦) we found a signi�ant in�ueneof the atmospheri dispersion. The e�et is learly seen on the ross-dispersion pro�le of the ehelle frame.The position of the �ux maximum di�ers for various positions of the star on the �ber entrane.Signal-to-noiseWe derive the formula of a signal to noise ratio from a standard equation (Bolte, 2006):
S
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√

(R∗ · t) + (Rsky · t · npix) + (RN2 + (G
2
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(1)where S is signal, N � noise, t � exposure time, R∗ � ount rate from the objet, Rsky � ount rate fromthe sky, npix � number of pixels, RN � readout noise, G � inverse gain, D � dark urrent. The in�ueneof the sky bakground is negligible for bright stars, dark urrent and readout noise (about 4 ADU/px)are negligible too. Consequently we an ount the signal to noise ratio as S
N

=
√
R∗ · t. The results of ourtests on sensitivity are plotted in Fig. 2.Temperature instabilityDuring the test observations we found a shift of the wavelength sale orrelated with temperature hanges.To investigate the temperature instability �ve thermal elements (DS18b20) were installed in the optialbenh of the spetrograph, three inside and two outside. An obvious orrelation between the spetrumshift and benh temperature hanges was observed.Dereasing of temperature auses the spetrum redshift, while inreasing � the blueshift. It is relatedto the temperature deformations of the optial benh of the spetrograph. The temperature inertia of thesystem is seen. Slow inreasing of temperature after the steep drop still shifts the spetrum to the redside due to the fat that the inner parts of the optial benh are still ool down. The shift dependeneis not linear and depends on the temperature gradient between inner and outer side of the benh. Wesuspet that suh a signi�ant shifts aused by bimetalli (Al+steel) onstrution of the benh. Thermaldeformation ours due to the fat that metalls have unequal thermal ondutivity and oe�ient oflinear expansion. An average shift is about 1.8 px/◦C, an average shift on the linear piee (temperatureinrease is 1.7◦C/hour) is 1.64 px/◦C. The random error of the line loation in ase of stable temperature(±0.06◦C) is 0.1 px whih is a theoretial limit of the line entering error.We tried to detet the orrelation between wavelength shift and position of the telesope using ThArlamp spetra got in short-time period (0.5 h) without steep temperature hanges of the optial benh.The results show that motions of telesope inrease the random RMS error of the wavelength sale shiftby 2 times, up to 0.2 px. This e�et is related to poor srambling of light in a �ber.



The Ural's �ber-fed ehelle spetrograph... 53Table 1. Basi features of the UFESGeneraltelesope 1.2 mdesign ehelle spetrograph,white pupilfous Nasmyth, FL = 13 mresolution 30 000wavelength 4 000�10 500N orders 60sensitivity S/N ∼ 50, 9m, 2900 secTelesope unitaperture on sky 4�foal reduer 1/2alibration lamp ThArautoguide amera �eld 6
′
× 8

′Optial �bertype dry, step indexnumerial aperture 0.12diameter 150/180 µmlength 23 mprotetion tube PVC with Kevlarmiro lenses BK7 output

Spetrographoptial benh 2.4× 1.2× 0.5 mehelle grating R4 (76◦), 37.5 g/mmollimators 2 o�-axis paraboloids
λ/10, FL = 1 000 mmross-disperser grating 150 g/mmamera CANON 200/1.8CCD DinaSystem2 (Advansed LabSAO RAS)CCDsensor E2V CCD42-40-0-381ative pixels 2048×2052pixel size 13.5×13.5 µmimage area 27.6×27.6Blemish spei�ation Grade 1 sensorooling Cryotigerhip temperature -110◦Cdynami range 10 000, 22 000dark urrent 3 · 10

−3 e/px/secgain 0.54, 2.17 e/ADUreadout noise 3.16, 4.70 e/pxAuray of radial veloity meàsurementsWe used the spetrum of Aldebaran (V = 0.985m) to determine a radial veloity auray. The shortexposure allowed the in�uene of temperature instability to be exluded. The radial veloity measuredby 167 lines in several orders di�ers from the known data (Massarotti et al., 2008) by −0.08 km/s,
RMS = 0.34 km/s.PipelineThe atual pipeline of UFES allows the observer to make a quik data redution, visualize the data,and estimate the S/N of the data aquired at the telesope. The pipeline is based on standard IRAFfuntions. It works with datasets that inlude objet images and alibration images (bias, �at, ThAr,usually 5 items of eah one) obtained at the nearest to the objet exposure time.The on-telesope unit redesignThe existing autoguiding system of the spetrograph doesn't work properly. We developed a projet ofa new on-telesope unit. 8R/92T beam-splitter and fast CCD amera will be used for guiding system.The new devie will enable usage of two �bers with di�erent apertures (5 and 10 arse). These twoon�gurations will provide spetral resolution 30000 and 15000 respetively. The new devie will beavailable next year.AknowledgementsThe work was performed with partial support of the Federal program �Investigations and Elaborationson Priority ourses of the Russian Sienti� and Tehnologial Complex Development 2007�2012� (Stateontrat � 16.518.11.7074).ËèòåðàòóðàBolte M. // Signal-to-Noise in Optial Astronomy. 2006. http://www.uolik.org/∼bolte/AY257/s_n.pdf.Massarotti et al. // Astron. J. 2008. V. 135. I. 1. P. 209.Panhuk V.E. et al. // Astrophys. Bull. 2011. V. 66. I. 3. P. 355.Tody D. // Astronomial Data Analysis Software and Systems II. A.S.P. Conferene Series. R.J. Hanish,R.J.V. Brissenden, and Jeannette Barnes, eds. 1993. V. 52. P. 173.


