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High resolution spectroscopy: echelle

* Echelle spectrographs

* Applications

Prof. Jorge Meléndez



Para obter alta resolucao espectral

(alta dispersao) com uma rede :

A s m fC()L 1. Usar uma rede de maior

R = = resolucao ou maior f,
COL
040 rang COS 00 Ws 2. Trabalhar em altas

ordens m = echelle




High resolution 1: redes de difracao with
many lines/mm + increase f,
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Figure 19.12. The essential elements of an astronomical spectro



High resolution 1: redes de
difracdo com muitas linhas/mm

Exemplo: espectrégrafo P A JcoL
V4 ~ A ) 9 ]
Coudé OPD (LNA) 00 Van O COS 0 W
Rede CCD Cobertura Dispersao Resolu¢io
1/mm — A(nm) (nm) A (nm/pixel) (FWHM, A) R (Goonm)
_ . 0600-650 098 13,0 1130 0,025 050 |12000
“ZZ  1800-650 098 353 353 0,008 0,20 30 000
— < 0600 -650 098 99,7 0,022 0,22
22 997 27 000
= > 1800-650 098 221 921 0,005 0,12 50 000
:i E 0600 - 650 098 56,3 563 0,012 0,24 25 000
g
S 5
2% 0600-650 098 9,1 91 0,002 0,06 120 000
-
CZ Comparacdo : Echelle HIRES cobertura 4000A pu 40 X maior




High resolution 2: espectrografo tipo
echelle O Ughrpom

© Kitchin

do m

d/ g cos 0

Rede de difracao echelle

Figure 4.1.7. Enlarged view of an echelle grating.
* Blazing angle is increased para otimizar
a observacao de ordens maiores

(m ~ 30-150) = maior resolucao ¢
* Typical grating 31 lines/mm
* Problem : order overlapping?

de“21 b Order .
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Solucao para mistura de ordens:
cross disperser (pode ser um
prisma ou uma rede)

,,,,,,

cross disperser
(rede ou prisma)

CCD



Echelle spectrographs

Cross disperser could be a grating or a prism. Serve para separar as ordens muito altas




Exemplo : HIRES spectrograph no KECK

Cross disperser could be a grating or a prism. Serve para separar ordens muito altas.

The Light Path of the High-Resolution Echelle Spectrograph
| 2b. Collimator 3. Echelle Grating

\ e a l
’ oy : ” ] Rt
| — .
! i / g -
20- I‘ v - :'—" ..... e ;‘-7 - - - - . . - l

Collimator = 1. Viewing Slit

6. Mirror

5. Correction Lenses

7. Field Flattener
8. CCD (hidden behind field flattener in this view)
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Echelle orders : extracted
KUEYEN/UVES: solar spectrum

flux (arbitrary units)

3000 — 4000 A

| I W4

' I}
X 1 I 1 1 1 1 I 1 L 1 .
3200 3220 3240 3260 3280 3300
) 1 Ll ‘ | 1 T I Ll T » | ‘ T | Ll I | T T i
- f
1 1 1 I 1 1 1 1 1 1 I 1 1 1 ]
3300 3320 3340 3360 3380 3400
| | Ll | 1 1 | I Ll I 1 ' | | Ll ¥ I 1 I |
i 1 1 1 1 1 1 1 | 1 1 1
3400 3420 3440 3460 3480 3500
T T T T T T T T T T T = T T T T T T T
i | '.
) 1 1 1 1 1 1 1
3500 3520 3540 3560 3580 3600
T T T T T T T T T T T T T T T T T T T ]
I\ / 1 ) 1 | 1 (| 1 j 1 ]
36880 3700
T L 1 I 1 T T i
L | 1 7
3780 3800
L L 1 ' 1 L] L I 1 L 1 ' L L 1 I 1 L} L i
3800 3820 3840 3860 3880 3900
T T T T T T T T T T T T T T T T T T T ]
L 1 I 1 L I L 1 I L L L :
3900 3820 3940 3960 3880 4000



Echelle orders : extracted

KUEYEN/UVES: solar spectrum
4000 — 5000 A

T T T T T T T T T T T T T T T T T T T =

: 1 1 1 1 1 1 1 1 1 1 1 1 I :
-y 4200 4220 4240 4260 4280 4300
.d: T | | ‘ L] 1 T I | T 1 ‘ ] 1 1 I T T T :
=
= a I 1 [l 1 1 1 1 1 [ I 1 1 1 1 1
b 4300 4320 4340 43860 4380 4400
E L L Ll | 1 Ll T I Ll T 1 ‘ T 1 L] I 1 T T :
H by
o H 3
L' 'l I L 1 I 1 L ' L L 1 I 1 L L -
& 4400 4420 4440 4460 4480 4500
v T T T T T T T T T T T T T T T T T T T -
- I
- 1 1 1 i 1 1 1 1 1 1 1 1 1 1 1 | 1 1 1 E




Echelle orders : extracted
KUEYEN/UVES: solar spectrum

5000 — 6000 A

5100 5120 5140 5160 5180 5200
T T T T T T T T T T T T T T T T T
1 1 1 1 1 1 1 | 1 1 1 1 1 1 1 | 1
n 5200 5220 5240 5280 5280 5300
-
=
=
:‘ 5300 5320 5340 5360 5380 5400
o
=
5
-.E- 5400 5420 5440 5460 5480 5500
]
=
-
5500 5520 5540 5560 5580 5600
5600 5620 5640 5660 5680 5700
T . | 1 ‘ | Ll T I Ll T T ‘ T | 1 I T é
E L ] 1 L 1 1 L 1 1 L I I 1 1 1 L | L
5700 5720 5740 5760 5780 5800
T | 1 '
E L 1 1 1
5800 5820 5840 5860 5880 5900



KUEYEN/UVES: solar spectrum
6000 — 7000 A

flux (arbitrary units)

8300 6320 8340 6380 6380 6400
I 1 1 ‘ 1 1 I i I 1 I 1 | T 1 1 I 1 1 I
s Tv'v ¥ ‘. i "II" - ﬁ‘-’r ﬂ" 1 o
L 1 1 ' 'l 1 L X I 1 L 1 I L 'l 1 I L L L
6400 8420 6440 8460 8480 6500
T T T T T T T T T T
ARl Y—v vy
L 1 1 ‘ L 1 L I 1 L
6500 6520 6540 6560 6580 6600
T T T T T T T T T T T T T T T T T T T
TV Wy d 'u' —"_r'_”"_'——-‘\r'—"_ W_é
1 1 1 1 1 1 1 | 1 1 1 1 1 1 1 | 1 1 1
6600 6620 6640 8660 6680 86700
T T T T T T T | T T T o \m" T T T T =
n 3
L 1 L 1 1 1 1 I 1 L 1 [ITEMINI 1 L | 1 1 L 3
8700 6720 8740 8760 6780 6800
RARRANA NW
L I L 1l 1 | 1
6800 6820 6840 8860 6880 6900
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KUEYEN/UVES: solar spectrum
7000 - 8000 &
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Mike Spectrograph at 6,5m Magellan (Las Campanas)

effective focal ratio
scale at CCD

A/pixel (unbinned)

detector
gain
Readnoise
Dark current

CCD efficiency

Wavelength range*
Resolution (0.35"slit)

Resolution (1.0" slit)

The tangent of the blazing angle = R#. Thus blazing angle for the R4 grating is 76 ©

Echelle grating

Prism (cross-disperser)

Blue Side
/3.9
8.2 pix/" (0.12"/pix)

~0.02

2048x4096 (15um pix)
~0.47 e-/DN
~2 e-/pix

~5 DN/pix/hr

3200 - 5000 A
83,000

28,000

R2.4

Fused Silica (2 prisms)

Red Side
/3.6
7.5 pix/sec (0.13"/pix)

~0.05

2048x4096 (15um pix)
~1.0 e-/DN
~3.5e-/pix
~2 DN/pix/hr

Q.E.

4900 — 10000A
65,000

22,000

R2

PBM2 (1 prism) 15


http://www.lco.cl/lco/magellan/instruments/specs/qe_site_2Kx4K.gif
http://www.lco.cl/lco/magellan/instruments/specs/qe_site_2Kx4K.gif
http://www.lco.cl/lco/magellan/instruments/specs/qe_site_2Kx4K.gif
http://www.lco.cl/lco/magellan/instruments/specs/qe_site_2Kx4K.gif

Espectrografo MIKE tem 2 bracos

19.5 |

AB magnitude
(o)
[é)

17.5 |
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©
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(lc?t/sec/.& at 1 lairmass)

L

llllllllllllll

4000 6000
wavelength (A)
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Aperture Pairs (separation 3"):

1 0.35 x 0.35 (for focusing)

Slits available at MIKE 2 %x03
3 1.00x0.50

4 1.00x0.70
5 1.00x1.00
6 1.50x0.35
7 1.50x0.50
8 1.50x0.70
9 1.50x1.00
10 1.50x 1.50
11 2.00 x0.35
12 2.00 x 0.50
13 2.00x0.70
14 2.00x 1.00
15 2.00 x 1.50
16 2.00 x 2.00

Single Slits:

17 0.35x5.00
18 0.50 x 5.00
19 0.70 x 5.00
20 1.00x 5.00
21 1.50x5.00
22 2.00x5.00




v il Nike GUI (v0.96) i 0 - X
|F11ev||0pt1 ons v| DataPath |fhome/obsma92bfm1kedata | Disk H— | UT 04:59:43
Image# (1027 |[1027 | Exp.Time [100.0 Start

Object [HD 49798 RunTine
InageType
R.A.[06:48:10.2 | Azimuth Para.Angle Loops
Dec.[44:19:07.6 | Elevation S1it Angle Domg_
Airmass Rot.Angle
SlitSize Tenp.Dome | n/a
Config. T.CCD-Blue Tenp.Cell
Comment T.CCD-Red Tenp.Outs [ n/a
Inage# [1027__| Start Inagei [1027 | start |\
Exp.Tine Exp.Tine
RunTime RunTime
UT-Start Loops UT-Start Loops
Shutter Doing D Shutter Doing D
Comment Comment

Readout [Full

o| Speed[Slow (150s) o

Readout [Full

o| Speed[Slow (150s) o

R-Bin[2 o] Y-Bin[2 o] R-Bin[4 o] Y-Bin[2 o]
CamFocus |0.0 CamFocus |0.0
Grating Az.|0.0 El.|lo.0 Grating Az.|0.0 El.|lo.0
Filter Filter
] Message |

L Message |




MIKE Blue ThAr callbratlon arc
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Mage”an UItra hlgh Observations of the solar twin 18 Sco

]

precision study of | I i i
solar twins I "’ff;‘;,; it
Magellan 6,5m Clay Telescope ,',',',’,’[ A
& MIKE spectrometer i I.; |

R =65 000 '

S/N = 450 per pixel
coverage 335 — 1000 nm

|
- Solar spectrum: Vesta H }
- 3 nights of observations | |
§! _
i .’
Ut i
i 1] i
I N [
I : ‘:;' Il

BLUE frame




Magellan ultra high
precision study of
solar twins

Observations of the solar twin 18 Sco

—————




Magellan ultra high
precision study of

Observations of the solar twin 18 Sco

solar twins
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Example of
MIKE spectra
of solar twins
(total spectral

coverage
3350 A -1um)

Relative Flux

Small part
(597-603nm)
of solar twin &
Sun’s spectra

Meléndez et al. 2009

lD-U LB
8.5 F

8.0
B.5
8.0
7.5
7.0

6.5

6.0
5.5
5.0
4.5
4.0
3.5
3.0
2.5
2.0

1.5 F
1.0 E

0.5

=

|IIII||I|I|I||||I||I|I|II|I!llIIII|||IIIII|III||I||
HIP&9650

HIP79672

RS

HIP77883

HIP36512

HIP30502

:
]

Sun 2007 April 2

:

Sun 2007 April 1

_UIIII N T N N T N N T N T N S T T |
28970 5975 D980 5985 5980 5895 6000 6005 6010 6015 6020 6025 6030

A(A)
/



Planning observations with echelle

spectrographs
1. Spectral coverage : quais as linhas importantes
a detetar ? 1 braco ou 2 bracos ?

2. Resolving power : suficiente para resolver as
inhas de interesse ? Se houver mais de 1
oraco, verificar se o R é adequado em ambos

3. S/N : telescopio + instrumento sao adequados?



High resolution spectroscopy of
solar twins with the Keck telescope.
Observation, undergrad research
experience, publication, science
popularization, and having a good
time in Hawaii ...
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http://keckobservatory.org/gallery/full/keck_telescope



BELOW PRIMARY MIRROR

Keck telescope

UPPER TELESCOPE TUBE _.~
SUPPORTS SPIDER

ELEVATION RING: THE CENTRAL
STRUCTURAL MEMSBER OF THE TELESCOPE,
SUPPORTING TELESCOPE TUBE ABOVE, AND
MIRROR CELL BELOW, PIVOTING AT

THE ELEVATION BEARING.

SECONDARY MIRROR
SUPPORTED BY SPIDER

NASMYTH FOCUS
FROM TERTIARY MIRROR

. TERTIARY MIRROR CAN
e \ ROTATE ATOP TOWER TO SEND
' LIGHT TO VARIOUS INSTRUMENTS

NASMYTH PLATFORM x
SUPPORTS INSTRUMENTS )\ \

Iy
WEIGHING MANY TONS. f | ,//'/ \
N\
W \ \ 36-SEGMENT, ACTIVE-OPTICS
10-METER DIAMETER

CASSEGRAIN FOCUS PRIMARY MIRROR
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Sunset from
Waikiki
January 2006
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HIRES no Keck |

Q' 3 g i ol || 0 '- w2 keck hawaii.edu/inst/hires : "."' Google p\

High Resolution Echelle Spectrometer

Contents

http://www2.keck.hawaii.edu/inst/hires/

Introduction

News

Pre-Observing
Observing HIRES is a grating cross-dispersed, echelle spectrograph capable of operating between 0.3 and 1.0 microns.
Post-Observing Although adjustable slits are available by special request, almost all observers choose from a number of slit
plates which provide resolutions between roughly 25,000 and 85,000. These slits are available in a variety

) of lengths since order separation varies between 6 and 43 arcseconds. HIRES does not currently have L
Keck Obs. Archive multi-slit capability.

Technical Pages

Observers can request one of two configurations. HIRESD and HIREST use different cross-dispersers and
collimators, which are optimized for short and long wavelength observations respectively. The efficiency of
Keck Home Page the two is equal at approximately 4200 Angstroms. Switching between the two is not possible during the

Instraments Home Pagt | i Somente 1 brago : escolher HIRESb ou HIRESr

Spectral coverage is complete shortward of 6200 Angstroms. Longward of this, two different echelle
settings are necessary to achieve complete coverage. Aside from the possible gaps in coverage at long
wavelengths, the spectral span per exposure ranges from about 3000 Angstroms for short wavelength
settings, to about 4500 Angstroms at long wavelength settings.

Since HIRES is mounted at a nasymth platform, fields will rotate during an exposure. If desired though, an
image rotator can be introduced into the light path which will maintain the slit orientation at a particular PA
or at the parallactic angle. This rotator is always available and can be moved into or out of the beam
remotely. Other devices which observers can select at will are an exposure meter for accurate control of
signal levels and an iodine cell for precise radial velocity work.
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HIRES PRE-OBSERVING

Preparing Your Proposal

Where to

Start ’ The observing information web page

| HIRES Data Format

Documents | User notes for the detectors

| Papers about HIRES

Aloha awakea
(Good Midday!)

Today is Tuesday,

I Instrument Specifications

| Spectroscopic Efficiency (throughput)

| Exposure Time Calculator

| Echelle Format Simulator

| Choosing HIRESb _or HIRESr

Proposal
Preparation

I General Telescope Info

| Telescope Pointing Limits

HIRES
Configuration

May 29, 2012.

Planning Your Run

Choosing high or low gain

Binning Options and Recommendations

Resolution vs. Slitwidth

Filter Choices

Rotator

Exposure Meter

Iodine Cell

| Target Visibility Prediction Tool

| Split nights info

| HIRES Data Proprietary Period Policy

| Astronomer reference shelf

Prepare your target list

Logistics Mainland Observing (policies and advice)
Reserve lodging for your observing run
Telescope/Schedule Barbara Schaefer

_ Instrument Scott Dahm
Questions ? : : .
Mainland Observing Greg Wirth
Summit visits Gloria Martin
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HIRES CCD data format

Mosaico de 3 CCDs, cada um de 2048 x 4096 pixels (1 pixel = 15um

6144 pixels

4096 pixels




é 4 C| N | | @ | wwwi.keck.hawaii.edu/inst/hires/webech/1.0a/Jefs.1_Da.html

| Hires Echelle Simulator /_/_/_/
H I RES ‘r’ars.iun.= 1.0a ////_
Cross Disperser =rad
Echelle Format Simulator -

http://www2.keck.hawaii.edu/inst/hires/webech/efs.html
—

%Z ‘;\\i
..m‘H\HHlTa

Cross disperser (XD) angle = 0,247 S
XDangle 0.247

Echelle angle = 0,0 Ecangle 0.0
Order 5

B
%ll

|

Lambda  6707.109

ol ek 5282°A
6563 Find Lambda
(@ Red ) Blus S

Fazst Dietactor Pos.







Header da |magem hires1851.fits

INSTRUME=
UTC
DATE-OBS=
XDISPERS=
XDANGL =
DEC
EQUINOX =

'HIRES'

='12:22:40.24'

'2006-01-20"
'RED '
0.24900000

='+58:29:19.4'

'2000.0 '

HA ='+22:37:54.36'

RA ="11:

21:28.26'

ST ='09:59:45.87'

AIRMASS =
MJD

TELESCOP=
CCDGAIN =

'1.33

='53755.515760'
TARGNAME=

'HD 98618’
'Keck | *

''ow

UTC-END ='12:25:11.39'

DATE-END= '2006-01-20"'
CCDPSIZE="[1:2048,1:4096]'

OUTDIR ="'/s/sdatal25/hires5/19Jan2006'
OUTFILE = 'hires '
FRAMENO =
EXPTIME = 150 seconds
OBSERVER="J. Melende?'

OBJECT ='hd 98618’

DATE_BEG= '2006-01-20T12:22:39'
DATE_END= '2006-01-20T12:25:09'

DECKNAME="E4 "' (fenda 0,40x7,0”
define o poder resolvente)

ECHANGL = 0.00004228
FILINAME= 'kv389

1851




Resolving power vs. slit width ¢,

HIRES spectrograph on o / /. Dcop dO

the 10m Keck | telescope 0/0 Fan®< DreL dJ
Decker " . " Resolution R Resolution R Resolution R
name Length (%) Width () (calculated) (measured®) (measuredB .
B1 3.5 0.574 72,000 67,000 66,400 ECKER serve para fixar
B2 7.0 0.574 72,000 67,000 66,400 0 comprimento da fenda
B3 14.0 0.574 72,000 67,000 66,400 .
B4 28.0 0.574 72,000 67,000 66,400 ou comprimento e
B5 3.5 0.861 48,000 49,000 50,000 |argura. No ultimo caso
c1 7.0 0.861 48,000 49,000 50,000 | fend
C2 14.0 0.861 48,000 49,000 50,000 * Usi rﬁsmp a_fja a fenda
c3 28.0 0.861 48,000 49,000 50,000 >INg UV Cross-aiSperser.
c4 35 1.148 36,000 37,000 37500  Average of 5 Th/Ar lines near
c5 7.0 1.148 36,000 37,000 37,500 4100 A.
D1 14.0 1.148 36,000 37,000 37,500 + Using Red cross-disperser.
D2 28.0 1.148 36,000 37,000 37,500 Average of 4 Th/Ar lines near
D3 7.0 1.722 24,000 24,000 24,700 5240 A,
D4 14.0 1.722 24,000 24,000 24,700
D5 0.119 0.179 pinhole | |
El 1.0 0.400 103,000 84,000 86,600
E2 3.0 0.400 103,000 84,000 86,600
E3 5.0 0.400 103,000 84,000 86,600 Segundo minhas medicGes
E4 7.0 0.400 103 000 |84 000 86 600 | ) R ~ 95000

E5 1.0 0.800 51,000 52,000 52,000 4



THE ASTROPHYSICAL JOURNAL, 752:5 (13pp), 2012 June 10

THE UBV(RI)c COLORS OF THE SUN

I. Ramirez!. R. MicHELZ. R. SEFAKO>. M. TLL(IM»\I\“ W. J. SCHusrLR- F. van WYK-.

J. MELENDEZ. L. CASAGRANDE®. AND B. V. CASTILHO’

HIP Teit log g [Fe/H] v (B—V) (U — B) (V—R) (V-1

(K)

55459 5838 +21 4.42+0.03 0.038 £0.012 7.646 £ 0.004 0.644 = 0.004 0.147 £ 0.010 0.338 £ 0.006 0.692 = 0.006

& _,GA i e A cimbad.u-strasbg.fr/simbad/sim-id7ident

Basic data :

HD 98618 -- Star

Other object types:

ICRS coord. (ep=J2000) :
FKS5 coord. (ep=J2000 eq=2000) :
FK4 coord. (ep=B1950 eq=1950) :

Gal coord. (ep=J2000) :

Proper motions mas/yr [error ellipse]:

Radial velocity / Redshift / cz :

Parallaxes mas:
Spectral type:
Fluxes (5) :

= . T S ZENL 9, =
=HD+28618&Nbldent=18&Radius=28&Rad int=arcmindsubmit=submit+id %Y - Googie

Identifiers (16):
[@ with radius 2 arcmin HD 98618
HIP 55459

*
(HD, AG, BD, GEN#, GSC, HIC, HIP, PPM, SAO, SKY#, SPOCS, TYC, UBV, uvby98, YZ)
, IR (2MASS)

11 21 29.07012 +58 29 03.7016 ( Optical ) [ 3.96 3.87 90 ] A
2007A&A...474..653V

11 21 29.070 +58 29 03.70 ( Optical ) [ 3.96 3.87 90 1 A
2007A&A...474..653V

11 18 36.06 +58 45 29.0 ( Optical ) [ 22.85 22.34 89 ] A
2007A&A...474..653V

143.3023 +54.9422 ( Optical ) [ 3.96 3.87 90 ] A

2007A&A...474..653V 6.2"x6.2'

41.57 28.89 [0.44 0.45 0] A 2007A&A...474..653V

V(km/s) 16 [6.8] / z(~) 0.000053 [0.000023] / cz 16.00 [6.80]
(~) D 1995a&AsS..110. 177D

24.96 [0.66] A 2007A&A...474..653V

G5V D ~

B 8.265 [~] C ~

v 7.659 [~] €

J 6.448 [0.029] C 2003yCat.2246....0C

H 6.142 [0.046] C 2003yCat.2246....0C 43
K 6.061 [0.020] C 2003yCat.2246....0C




http://www2.keck.hawaii.edu/inst/hires/etc.html

HIRES Signal-to-Noise Estimator

9 1x1
: Efﬁcle:nu:}r - 2x1
- Noise S 3x1

- Data Table ' 2x2

AB Magnitude
Exposure time
Slit width

7.646
150
0.4

Seeing FWHM 0.6

Ailrmass
Moon phase

1.3
7

Min wavelength 3850
Max wavelength 8350

Increment

Compute || Reset ‘ ‘ Help |B§,r Xavier Prochaska (UCO/Lick)

200

sec
drcsec

arcsec
days

A
A
A

We are adopting V = 7,646,
but this is in the Johnson
system. Be careful ! What
we need are “AB”
magnitudes, i.e.,
Uns/BasVass Rag » €1C

44



V=7,646 slit

350

3

&

SN (per 1.39km/s pix)

S/N (per pixel)

e

- 0,4” seeing 0,67 exptime = 150 s

Johnson-Cousins Filter Response

10
L1 L1 | Cep—p——— L1 |
U B %
4000 5000 6000 7000
YWavelength {(Ang) 05
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A
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To do it properly magnitudes should be in the AB system

THE ASTRONOMICAL JOURNAL VOLUME 108, NUMBER 4 OCTOBER 1994

GENERATING COLORS AND k& CORRECTIONS FROM EXISTING CATALOG DATA

ZSOLT FREI AND JAMES E. GUNN
We present color—color relations on several systems as functions of redshift calculated using the galaxy
energy distributions of Coleman et al. [ApJS, 43, 393 (1980)] which span the run of Hubble types. The
system response curves of five different photometric systems {Johnson UBV, B;RI [Gullixson et al., ApJS
(in press) (1993)], Thuan—Gunn gri, Sloan Digital Sky Survey u’'g'i’r’z’, and Cousins R} and the
absolute spectral energy distributions of spectrophotometric standard stars were used to tie the different
systems together. We have calculated zero points on the AB79 system for all of these bands, m— B colors
ﬁ b =m b A B b for each band and each galaxy type as functions of redshift, and B k corrections for each galaxy type. To
the extent that galaxies represent a one-parameter sequence in color space, a redshift and color in any pair
of bands in any system can be used to estimate the colors in any other using the tables and graphs
constructed here.

mi &+ V(AB) =V -0.044 (+/- 0.004)

TaBLE 2. AB offsets

5 o e B(AB)=B-0.163 (+/- 0.004)

T e Rc(AB)=Rc+0.117 (+/- 0.006)

;’ o2 * Ic(AB)=Ic+0.342 (+/- 0.008)

;*jx 00 « V(AB)=7.602

r 00« B(AB)=8.127 HD 98618

: 00+ Re(AB)=7425 [ HIP 55459

I 0342 * Ic(AB)=7.296 - 46




S/N (per 1.39km/s pix)

3 8 B

8

Here we are using AB magnitudes
for HD98618
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S/N (per 1.39xm/s pix)
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Header da |magem hires1851.fits

INSTRUME=
UTC
DATE-OBS=
XDISPERS=
XDANGL =
DEC
EQUINOX =

'HIRES'

='12:22:40.24'

'2006-01-20"
'RED '
0.24900000

='+58:29:19.4'

'2000.0 '

HA ='+22:37:54.36'

RA ="11:

21:28.26'

ST ='09:59:45.87'

AIRMASS =
MJD

TELESCOP=
CCDGAIN =

'1.33

='53755.515760'
TARGNAME=

'HD 98618’
'Keck | *

''ow

UTC-END ='12:25:11.39'

DATE-END= '2006-01-20"'
CCDPSIZE="[1:2048,1:4096]'

OUTDIR ="'/s/sdatal25/hires5/19Jan2006'
OUTFILE = 'hires '
FRAMENO =
EXPTIME = 150 seconds
OBSERVER="J. Melende?'

OBJECT ='hd 98618’

DATE_BEG= '2006-01-20T12:22:39'
DATE_END= '2006-01-20T12:25:09'

DECKNAME="E4 "' (fenda 0,40x7,0”
define o poder resolvente)

ECHANGL = 0.00004228
FILINAME= 'kv389

1851




http://www2.keck.hawaii.edu/inst/hires/filter _choices.html

High Resolution Echelle Spectrometer

Filter Choices

E possivel observar H e K (394 nm) e ao
mesmo tempo o tripleto de oxigénio em

777 nm e o dubleto de Al em 784 nm?
HIRES has two 12 position filter wheels that reside immediately behind the decker plate. Their primary function is
to block unwanted orders from the cross-disperser. Each filter wheel has a "clear" position that is empty. Proper
choice of blocking filters is critical for isolating particular regions of interest. The Table below gives some useful
combinations of filter choice for given spectral regions. Note that each combination of filters requires refocusing
of the collimator which is handled automatically if installed from the XHIRES GUI.

Cross-disperser Order | Wavelength (microns) | Filter Wheel 1 | Filter Wheel 2
1 0.69 - 1.1 2 (0G610) 1 (clear)
1 0.63 - 0.95 3 (0OG530) 1 (clear)
1 0.58 - 0.90 3 (OG530) 1 (clear)
1 0.53-0.85 4 (GG475) 1 (clear)
1 0.48 - 0.80 5 (KV418) 1 (clear)
1 0.44-0.75 6 (KV408) 1 (clear)
1 0.39-0.70 8 (KV380) 1 (clear)
1 0.35-0.65 9 (KV370) 1 (clear)
1 0.30 - 0.60 11 (WG335) 1 (clear) 49



HIRES mosaic for solar twin HD 98618
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File - Edit View Frame Bin Zoom Scale Color Region WCS Analysis | |
File hires1851.fits[WidInpd] B
Obiect \

Yalue \ |

WES ! | { |

Physical %[ 1 vl il

Image X ‘ e 7\ i ‘ ‘

Frame1 Zoom| 0125 | Angle | 0000 |
| file edit | view | frame \ bin l

about | open | save image |

Contamination by second order

File Edit Graph Font Dataset View Color

Counts

4000

3000

2000

1000 -
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Projection
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MAKEE hires plpelme (reduc;ao automatlca)
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MAKEE hires plpelme (reduc;ao automatlca)
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Header da |magem hires1851.fits

INSTRUME= "HIRES'
UTC ='12:22:40.24'

DATE-OBS= '2006-01-20"
XDISPERS='RED '

XDANGL = 0.24900000
DEC ='+58:29:19.4'
EQUINOX = '2000.0 '

HA ='422:37:54.36'

RA ="11:21:28.26'

ST ='09:59:45.87'
AIRMASS ='1.33

MJD ='53755.515760"'
TARGNAME= "HD 98618'
TELESCOP= 'Keck | *
CCDGAIN ="'"low '

UTC-END ='12:25:11.39'
DATE-END= '2006-01-20"'
CCDPSIZE="[1:2048,1:4096]'
OUTDIR ="'/s/sdatal25/hires5/19Jan2006'
OUTFILE = 'hires '

FRAMENO = 1851
EXPTIME = 150 seconds
OBSERVER="J. Melende?'

OBJECT ='hd 98618’

DATE_BEG= '2006-01-20T12:22:39'
DATE_END= '2006-01-20T12:25:09'

DECKNAME="E4 "' (fenda 0,40x7,0”
define o poder resolvente)

ECHANGL = 0.00004228
FILINAME= 'kv389

55
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ot germinely

\
. aranteed 10 s
bu*:““d in Australia :uicv;r.geg
o - L3
woﬁmsu‘.\\ian owned -8

hrrp:.-".-"11-'11-'31-'.201111'1111‘[03 es/noticia/107450/0/sal/

v s-es/noticia ID.--4:&D.-'D.-"sﬂl.-"esh'ella.-"asn'ﬂnomns-'
Astronomps qustrahanos descubren una |
estrella idéntica a] So]

Se llama HD98618 Yy es pr.

— . acticamente idéntica al
8 Twin 10 11 Sol: tiene su misma ed

o . ad, su mismo tamaiio, sy
I . - r .
H nisma temperatura y su misma composicion, segiin
e - . i ‘ AL
3y Ken Cros™ los cientificos de Ia Escuela de Astronomia
australiana
0 2006 =
1\[3!‘5“1 2

El mellizo de]
(Imagen: web,

Los ex g
. Xpertos esperan que este hal] \

azgo ayude a

n sheds tight 0°

V' SRR WEEKLY | NEWS IDEAS INNOVATION

New sotar W

any
he
¢ ~ \y
» '3 nh ¥ Wt "' \
=1} = twin E& - ign Nations! )
o/ At eanaae ‘['\‘ ¢ G0V il e . e \
\ ’ University A b e o ‘\, 2 fon
pwin wi
y'v.ﬁ("""L” & fike planet & W eacitn
och for £& ) 1t
‘ e seart 3 A\ \ i
ppocting | pwice o X X
e | hadd " (TR B
A Aprl 2006 Noasss Australin 5650 (OncBST) Mew Leoland NISA% (19 G5T) Pent Pavt Apgrowed 23000520015 A het Le (e dise
. 1310 Vo
) 13 1 1
' Pl

Ayenow e chthe star 0T '\‘;_ “i\ ‘R’ »
scientists S Astronomers have found a twin of have roughly the same concentratiol )
s with the same the sun, the first such star to be spotted  of heavy elements as the sun. These pew “earihly’ 93

are star

Solar “““5 than the typical staf 1 in a decade and only the second ever. elements are crucial to the formation \n our “a‘a,“ ing discovery 1 15¢

more light ial intelligence: They say that these stars are our best Earth-like planets and the emergence x plancts it
extraterres 5, bets for finding Earth-like planets with  of life (www.anxiv.orgfastro-ph/060321 e epmational i &
\elénderz. Katie DOSI‘;;S life on them. Another cause for optimism is the e o w7, i
Jorge - jution spectra of Jorge Meléndez, Katie Dodds-Eden  absence of “hot Jupiters”, massive gas s wo s o

O vears from B ¥ and José Robles of Mount Stromio giants orbiting close to each star whose
126 light-¥ Observatory near (anberra. Australia. gravitv could destabilise the orbits of



Radial velocity and planets
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The star’s chemical fingerprints

1. Receding star

2. Approaching star
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Dois planetas around Ups And
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