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Description

Atlas of emission lines from spectral tube that can be used to calibrate
astronomical spectrograph (UVEX, Star’Ex, Lowspec, Alpy600, Lhires lll,
and more).

The light emitted by various low pressure spectral tubes (see opposite) is
analyzed with a Star'Ex spectrograph used in various configurations (low
resolution, medium resolution, high resolution).

Origin of spectral tubes + HT alimentation :
Sordalab : https://www.sordalab.com
3D Scientific : https://www.3bscientific.com

Wavelength values for the Atlas are from the NIST database
(air wavelength) : https://physics.nist.gov/PhysRefData/ASD/
lines_form.html
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Spectra are recorded by spectrograph Star’Ex Tol ;

(the « Star Explorer »). It is a 3D printing spectrograph R
designed for astronomical observation on small and o [ e |
moderate telescopes. It is a part of the Sol'Ex project (the
« Sun Explorer ») : http://www.astrosurf.com/solex/
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specINTI is used for data processing : http://
www.astrosurf.com/solex/specinti.html

The atlas is organized according to some possible Star’Ex
configurations (classical for usual spectrograph models).
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Configuration #1

Spectral coverage : 3850 A - 7000 A (visible range)

Star’Ex - 80 mm x 80 mm
Grating : 300 lines/mm - blaze 500 nm
Slit : 19 microns
Optical beam : /9
Camera : ASI183MM (0.973 A/pixel)



VIS - 300 I/mm
Sun (daylight)

Call K -3933.7 HI-4861.3 Mgl -5167.3 Na | - 5890 + 5896 H I -6562.8 O2 - 6884

4077.837 5769.610
Mercury (Hg) | |

4046.565 4358.335 4916.068 5460.750 5790.670
4044.418 4300.101 4702.316 5558.702 5888.584 6032.127 6416.307 6677.282 6871.289 7067.218
Argon (Ar)
3948.979 4158.590 4510.733 4861.361 (HI) 5187.746 5495.874 5912.085 6562.852 (HI) 6752.834 6965.431
4319.579 4502.354 5870.916 6056.126 6456.289 6813.109
Kryton (Kr) | | | | |

4273.969 4861.361 (HI) 5562.225 + 5570.289 5993.850 6421.027 6562.852 (HI) 6904.679



VIS - 300 I/mm
Sun (daylight)

il

Call K - 3933.7 H1-4861.3 Mg | - 5167.3 Na | - 5890 + 5896 Hl-6562.8 02 - 6884
5944.834 6143.063 6402.248 6598.953 6678.277 6929.467
Neon (Ne) | |_\ /_, |
| | | | | |
| | I |
5400.562 5852.488  5881.895 6334.428 6506.528  6532.882  6717.043 7032.413
39067.541 4524.680  4624.276 4829.708 5894.988 6198.260 6469.705 6827.315

Xenon (Xe) | L |

| —

3950.924 4193.528 4500.978 4671.226 4843.293 5028.279 5392.795 5823.890 6111.910 6318.062 6728.008 6976.182

Hydrogen (H)

4101.710 4340.472 4861.298 6562.852



VIS - 300 I/mm
Sun (daylight)

il

Call K -3933.7 HI-4861.3 Mgl -5167.3 Na | - 5890 + 5896 HI-6562.8 O2 - 6884

4026.191 4713.146 6678.151
Helium (He)

| — |

3888.648 4471.480 4921931 5015.678 5875.621 6562.852 (HI) 7065.190

Nitrogen (N)

Oxygen (O)

4861.361 (HI) 6562.852 (HI)
5435.775 6046.438 6455.977

3947.481 4861.361 (HI) 5329.099 5958.584 6158.187 6562.852 (HI) 7002.230



) ] VIS - 300 I/mm
Low cost composite gases discharge lamps (neon + argon)

Sun (daylight)

Call K-3933.7 Mg |l -5167.3 HI-6562.8

7245.166 (Ne)

!

Red miniature lamp - Conrad : Barthelme 00012340 Luciole 230 V 0.30 W E10 (2.90 €)

— | |

3948.979 (Ar)  4044.418 (Ar) 4333.561 (A1) 5400.562 (Ne) 5852.488 (Ne) 5881.895 (Ne) 6506.528 (Ne)  6532.882 (Ne) 7032.413 (Ne)
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HD123299 - 8.033/03/2022 - Star'Ex 300 I/mm 80x80 slit 19 + Mak127 - R=900 - 14x40s
| | | | I I

Stellar spectra sample

Star’Ex 300 lines/mm on a Maksutov 127 mm telescope (VIS region)
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Pleione - 7.789/03/2022 - Star'Ex 300 I/mm 80x80 slit 19 + Mak127 - R=900 - 6x180s
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TU Gem - 7.868/03/2022 - Star'Ex 300 I/mm 80x80 slit 19 + Mak127 - R=900 - 4x900s
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beta Lyr - 8.130/03/2022 - Star'Ex 300 I/mm 80x80 slit 19 + Mak127 - R=900 - 16x60s
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Y CVn - 8.001/03/2022 - Star'Ex 300 I/mm 80x80 slit 19 + Mak127 - R=900 - 14x120s
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Configuration #2

Spectral coverage : 3650 A - 5500 A (UV + blue range)

Star’Ex - 80 mm x 80 mm
Grating : 600 lines/mm - blaze 500 nm
Slit : 19 microns
Optical beam : /9
Camera : ASI183MM (0.495 A/pixel)



Sun (daylight)

UV+ blue - 600 I/mm

|
|
Call K- 3933.68

3654.842

Mercury (Hg)

3650.158  3663.284

Argon (Ar)

3834.679

Krypton (Kr)

3773.424

3948.979 4044.418

Call H - 3968.49 Fel-4307.9 HI - 4861.34 Mgl -5167.33

4347.494

4046.565 4077.837 4339.223 4358.335 4916.068 5460.750
4158.590 4200.674  4300.101 4522.323 4702.316 5558.702

4190.713 4259.362 4333.561 4510.733 4596.097 4861.361 (HI) 5187.746 5495.874

4362.642 4376.121 4502.354 4812.637 4969.075 5562.225

— |

4273.969 4319.579 4463.690 4861.361 (H1)

— |

5490.936 5570.289



UV+ blue - 600 I/mm
Sun (daylight)

|
| |
CallK-3933.68 CallH-3968.49 HI - 4861.34 Mgl -5167.33

3701.225 4837.314 5037.751  5144.974 5330.777 5400.562
Neon (Ne) |

I
e

3593.526 3633.664 3754.215 4538.303 4788.926 4957.033 5080.383 5203.896 5341.094 5562.766

3967.541 4193.528 4524.680 4624.276  4734.151  4843.293 4923.152 5552.385
Xenon (Xe)

3950.924 4078.820 4500.978 4582.747 4671.226 4807.019  4916.507  5028.279 5392.795

Hydrogen (H)

4101.734 4340.472 4861.361



UV+ blue - 600 I/mm
Sun (daylight)

CallK-3933.68 CallH -3968.49 HI - 4861.34 Mg | - 5167.33

3819.607 3964.729 4120.815 4387.930 4713.146 5015.678

Helium (He)

3705.005 3888.648 4026.191 4143.761 4471.480 4921.931 5047.738

4099.943 4861.361 (HI)

Nitrogen (N)

4968.794
Oxygen (O) |

3823.414 3947.481 4368.258 4861.361 (HI) 5019.291 5329.099  5435.775



Low cost composite gases discharge lamps (neon + argon) UV+ blue - 600 I/mm
Sun - Daylight

—

CallK-3933.68 CallH -3968.49 HI - 4861.34 Mg | - 5167.33

Neon tube - Eisco Scientific

3593.526 (Ne)  3701.225 (Ne) 4538.303 (Ne) 4704.395 (Ne) 4837.314 (Ne)  4957.033 (Ne) 5203.896 (Ne)

Red miniature lamp - Conrad : Barthelme 00012340 Luciole 230 V 0.30 W E10 (2.90 €)

3593.526 (Ne) 3701.225 (Ne) 3948.979 (Ar) 4044.418 (Ar) 4200.674 (Ar) 4333.561 (Ar) 4510.733 (Ar) 4538.303 (Ne) 4704.395 (Ne) 4837.314 (Ne)  4957.033 (Ne) 5203.896 (Ne)

Red miniature lamp - Conrad : TRU COMPONENTS 1590293 Glim Lamp 230 V 0.33 W (0.60 €)

3593.526 (Ne) 3701.225 (Ne) 3948.979 (Ar)  4044.418 (Ar) 4200.674 (An) 4333.561 (Ar)  4510.733 (An) 4538.303 (Ne) 4704.395 (Ne) 4837.314 (Ne)  4957.033 (Ne) 5203.896 (Ne)



C UV+ blue - 600 I/mm
Fluo-compact lamp (mercury excition gaz)

Sun (daylight)

CallK-3933.68 CallH-3968.49 HI - 4861.34 Mgl -5167.33

Fluo lamp

3650.158 (Hg) 4046.565 (Hg) 4358.335 (HQ)

5460.750 (Hg)




Stellar spectra sample

Star’Ex 600 lines/mm on a Maksutov 127 mm telescope (UV + blue region)

Example of spectral
Capella - 20.778/02/2022 - Star'Ex 600 I/mm 80x80 slit 19 + Mak127 - R=1600 - 16x2.5s epsilon Aur - 20.797/02/2022 - Star'Ex 600 I/mm 80x80 slit 19 + Mak127 - R=1600 - 12x45s caIibrationpsetup (F))n the pupil
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Configuration #3

Spectral coverage : 6500 A - 6700 A (H-alpha line)

Configuration
Star’Ex - 80 mm x 125 mm
Grating : 2400 lines/mm - holographic
Slit : 19 microns
Optical beam : /9
Camera : ASI183MM (0.062 A/pixel)



H-alpha - 2400 I/mm

Sun (daylight)

Mercury (Hg)

HI-6562.8

Argon (Ar)

6562.852 (HI) 6677.282

6555.695 6576.420
Kryton (Kr) |

6488.069 6504.904 6536.552 6562.852 (HI) 6652.235



H-alpha - 2400 I/mm

Sun (daylight)

HI-6562.8

Neon (Ne)

6506.528 6532.882 6598.953 6678.278

6472.841 6504.180 6533.159 6554.196 6583.270 6607.410 6666.965 6678.972
Xenon (Xe)

6469.705 6487.765  6498.717 6521.508 6543.360 6595.561 6632.464 6668.920 6681.036

Hydrogen (H)

6562.852



H-alpha - 2400 I/mm

Sun (daylight)

HI-6562.8

Helium (He)

6562.852 (HI) 6678.151

Nitrogen (N)

6562.852 (HI)

Oxygen (O)

6562.852 (HI)



Relative intensity
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Star’Ex 2400 lines/mm on a EVOSTAR 100ED refractor (H-alpha region)
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Stellar spectra sample

Deneb - 16.734/01/2022 - Star'Ex 2400 I/mm 80x125 slit 19 + 100ED - R=20000 - 10x200s
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Use of economical optical fibers (plastic) for precision spectral calibration
at the entrance pupil.



Configuration #4

Spectral coverage : 4600 A - 4950 A (H-beta line)

Configuration
Star’Ex - 80 mm x 125 mm
Grating : 2400 lines/mm - holographic
Slit : 19 microns
Optical beam : /9
Camera : ASI183MM (0.075 A/pixel)



H-beta - 2400 I/mm

SEEESER "R B CEI T NS 2R 23 B3

1

Sun (daylight)

PRSP ——

HI-4861.3

4611.888 4697.021 4792.619 4829.708 4923.152
Xenon (Xe)

4624.276 4671.226 4690.970 4734.151 4807.019 4843.293 4916.507
This part of the spectrum is tested because: On the left, some light sources producing
xenon emission lines: miniature discharge

e Presence of the hydrogen H-beta line. |amp (pen_ray type)’ g||mm glOW |amp
e Relatively high density of xenon lines (for a high spectral (Conrad Electronic, 720215), large discharge

resolution spectrum and a non-échelle spectrograph). Spectral tube. However, the intensity of the lines is

calibration accuracy is estimated better to +/- 2 km/s. weak, it will be necessary to adapt the
e High density of metallic lines for high precision radial velocity calibration procedure accordingly.

measurements (cross-corellation method). Spectral resolution
power near 15000.

e Spectral domain free of atmospheric telluric lines.

e The chromatic aberration of most refractors is moderate in this
spectral range.

e Good detector quantum efficiency (CMOS) and grating efficiency
(holographic 2400 lines/mm).




Stellar spectra sample

Star’Ex 2400 lines/mm on a Maksutov 127 mm telescope (H-beta region)

1.1

— 1

Relative intensity

03 7

eta Leo - 23.069/02/2022 - Star'Ex 2400 I/mm 80x125 slit 19 + Mak127 - R=11000 - 12x120s
| | | | | |

0.2 | | | | | |
4600 4650 4700 4750 4800 4850 4900

Wavelength in A

Pleione - 22.799/02/2022 - Star'Ex 2400 I/mm 80x125 slit 19 + Mak127 - R=11000 - 6x600s
| | | I I I

1.2

1.1

O
©

Relative intensity
o o
~ (0]
|

o
(o2}
T
]

05 -

O 4 | | | | | |

4600

4650

4700

4750

4800

Wavelength in A

4850

4900

Relative intensity

>

sit

c

nte

ive

-—
]

Rel

o
©

o
o

o
\I

o
o

0.5

eta Aur - 22.766/02/2022 - Star'Ex 2400 I/mm 80x125 slit 19 + Mak127 - R=11000 - 6x300s
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Configuration #5

Spectral coverage : 6800 A - 9900 A (infrared)

Configuration
Star’Ex - 80 mm x 80 mm
Grating : 300 lines/mm - blazed at 10000 A
Slit : 19 microns
Optical beam : /9
Camera : ASI183MM (0.986 A/pixel)

An important point: add an order filter to observe infrared (here a RG650)




Infrared - 300 I/mm

Ca ll - 8542.089 H20 - 9130.3
Sun (daylight)

3
E

O2 - 6869.6 H20 - 7290.4 02 -7604.8 H20 - 8228.3 Call - 8498.018 Call-8662.140 H20 - 8987.9 H20 - 9515.5

7032.413 7173.938 7438.898 7943.1805 8300.325 8495.359 8853.867
Neon (Ne) |

6929.467 7245.166 7488.872 8377.607 8654.383 8780.622

7067.218 7147.042 7503.869 7723.761 8014.786 8264.522 8521.442 9122.967 9657.786
Argon (Ar)

6965.431 7383.980 7635.106 7948.176 8115.311 8424.648 8667.944 9224.499

7587.4136  7694.540 8190.057 8508.873 8928.693
Krypton (Kr) | —

7601.546 7854.823 8059.505 8298.110 8776.750 9743.110



Infrared - 300 I/mm

Ca ll - 8542.089 H20 - 9130.3
Sun (daylight)

O2 - 6869.6 H20 - 7290.4 02 - 7604.8 H20 - 8228.3 Call - 8498.018 Call - 8662.140 H20 - 8987.9 H20 - 9515.5

8280.116 8952.251 9162.652 9923.198

7119.598 7642.024 8231.633 8409.189 8819.411 9045.447 9513.377 9799.697

Xenon (Xe)

Helium (He)

7065.190 7281.351

Nitrogen (N)

|
|
|
i




Low cost composite gases discharge lamps (neon + argon) Infrared - 300 I/mm

_ Ca Il - 8542.089 H20 - 9130.3
Sun (daylight)

O2 - 6869.6 H20 - 7290.4 02 - 7604.8 H20 - 8228.3 Call - 8498.018 Call - 8662.140 H20 - 8987.9 H20 - 9515.5

Red miniature lamp - Conrad : Barthelme 00012340 Luciole 230 V 0.30 W E10 (2.90 €)

7032.413 7173.938 7438.898 (723.761 8300.325 8495.359 9122.967

4

6929.467 7245166 7383.980 7635.106 7948.176 8377.607 8780.622 9657.786
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Star’Ex 300 lines/mm blaze 10 000 A on a Maksutov 127 mm telescope (infrared region)
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Stellar spectra sample

gamma Cas - 24.836/02/2022 - Star'Ex 300 I/mm 80x80 slit 19 + Mak127 - R=1400 - 10x90s
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