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[ _ecture Outline

Spectroscopy from a 3D Perspective

v" Basics of spectroscopy and spectrographs

v Fundamental challenges of sampling the data cube

* Approaches and example of available instruments

» 1. Grating-dispersed spectrographs «—— alot of material

» II: Fabry-Perot interferometry
» III: Spatial heterodyne spectroscopy

AS500/L-17 2



Approaches

Examples of available instruments

v' Grating-dispersed spectrographs
v’ basic spectrograph design
v’ dispersive elements
v Long-slit spectrographs
v" General Observing Considerations

Double spectrographs
Multi-objects spectrographs: slitlets vs fibers

Echelle spectrographs

VIV S X

3D spectroscopy: coupling formats and methods
Fiber

Fiber+lenslet

Slicer

Lenslet

Filtered multi-slit

» summary of considerations

» sky subtraction

© O © O O
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Grating-dispersed spectrographs

basic spectrograph design

*
\\ camera focal length = £2

Want large dispersion, V;» .
but can get resolution

Spectral resolution

also from
R=\/dAr = demagnification:
= A (yr) (/W) Want long collimator e W
= A (yr) (D,/6 Dy) at fixed camera f,; i i
need field lens or white
. pupil to avoid T
Want large collimator vignetting. ‘ —
and even larger camera et
Using grating equation: 0 = angle of slit on sky
dh = w,” / (dl/dr)
. . =1;0
R =(f}/w) (sin B +sin a) / cos a g/dl ~ /D,

which becomes in Littrow:

Resolution is more driven by dispersion;
«— : .
R = (fl /W) 2 tan o want large o, which means large gratings.
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Echelle Gratings

« One way to design gratings to get high
resolution via large angles and
anamorphism.

« Diffraction gratings with relative large
grooves (coarse-ruled), used in high order
(m) and large angles (o.,[3)

« Small free spectral range: A/m
R-value = tan o

* Compare to fine-""ruled’’ gratings used in
low order and large angles (e.g., VPHg)

[ Echelette: 5<45 - most low-order SR gratings
R2 echelle: 0=63.5 - what’s on the WIYN/Bench
R3 echelle: 0=71.6

_ R4 echelle: 0=75.95 - what's on the SALT/HRS

* Grating equation
mA=c(sinf+sina)
(reflection)
G 1s groove separation (nm)
* Angular dispersion
y=dB/dA=m/ c cos 3
=(sin B +sina)/Acosf
 Anamorphism
r=|dp/da| = cos o/ cos 3
* Blaze angle: o

SZOB T X=0 PLANE
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An example of a VPH spectrograph; Challenging angles!

WIYN 3.5m upgraded Bench Spectrograph

Coatings an issue

Efficiency

* 3300 I/mm: in use

* 0.5m 1in size/

e R ~7000-20,000

e expect 2x diffraction

efficiency of existing echelle.

3300 I/mm VPH Grating
n1=n3=1.43, n2=1.4, d=12um, dn=0.048

Efficiency vs Wavelength for a Variety of Grating Angles
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Air-Glass % Reflection Losses Per Swface
Uncoated Newport Thin Film  Spectrum Thin Film

Angle 400-500nm 500-550nm 450-550nm
550 6 2.5 2 <1

s0° S 25

65° 11 5.5 4.5 <2

70° 9.5 7.5

75° 24 17 15.5 <7
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3300 I/mm VPH Grating
Efficiency versus Angle and Wavelength
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An example of a VPH spectrograph:

WIYN 3.5m upgraded Bench Spectrograph

Efficiency

* 3300 I/mm: in use

* 0.5m 1n size/

* R ~7000-20,000

e expect 2x diffraction

efficiency of existing echelle.

3300 I/mm VPH Grating
n1=n3=1.43, n2=1.4, d=12um, dn=0.048

; Efficiency vs Wavelength for a Variety of Grating Angles
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WIYN Bench with CSL vph 3550 I/mm Grating

Resolution and Coverage vs Wavelength
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Echelle Spectrometers

* Fine examples are the Lick Hamilton
Spectrometer and Keck HIRES

*The WIYN Bench Spectrograph also has an
echelle mode but it is not cross-dispersed.

If after grating dispersion
you "cross disperse’ (XD)
the spatially coincident
orders you can separate the
orders in the camera focal
plane.

This 1s an echelle
spectrometer.

Initial dispersion with a
coarse-ruled (echelle)
grating

Cross dispersing historically
with one or more prisms.

Cross-dispersion with
gratings (especially VPH)
now popular.
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Cross-dispersed (XD) Echelle Detector format

XD

—— «~—10024
T —9524
T 8162
80— 7142
o0 “—4349
100— “—35714
110 ~—35164
The WIYN Bench 120—~ “—4 742
uses narrow-band |—
filters to select 130— *— 42363
single order, and
then uses XD 140 “—4081
dimension for
long-slit (fibers). 150— “—2809 )
echelle
160— ~—2571
163— 3303
Order# wavelength
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Solar Spectrum (echellogram)
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SALT HRS: High-Resolution Spectrograph

e Dual beam white-pupil R4
duplex echelle, with VPH
grating cross-dispersion.

* R =17,000 to 70,000
» image slicers

e Simultaneous wavelength
coverage from 370-950 nm.

* Single object spectroscopy
with sky subtraction and
nod/shuffle.

¢ Precision radial velocities

(few m/s):
»vacuum tank.

PI: Ray Sharples, Durham UK

lw Blue pupil

‘ mirror

|
|

Red pupil

mirror

|'|)

Dichroic

R4 échelle mosaic Collimator

Blue camera
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HRS Vacuum tank - for stability

Light

Notes:

1. cameras are \

outside vacuum

2. Fiber |

selector inside f ~«
cylinder /if;

at top  Blue

camera
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HRS: Bowen-Walraven-type

image slicers

sky

object

Zemax ray trace:
target & sky pair
each give 4 slices,
0.3arcsec in width

A500/L-17
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HRS: blue arm spectral format

30

20

Y-position (mm)
o o

!
=)

X-position (mm)

Order Ay Ay
5 T 562 25"
e j
i i -
86 | i Heh— [1 543 23.2"
e e
.  Petey —
_ﬁ: __ﬁt—(‘E—k— _Fe'le}__T 21.6“
.. | X
IR A, , =
‘. 2 l| ! 507 20.2"
| ——Oit—Het —+ .
S Ol ;
22 — T ; 297 18.9"
= — ————Hp ]
. A i ! 176 110"
: NHFN%#—OH— Hell :
101 e Nt Nil— 462 16.7"
IS T 77
T Helt—SijiiBalt
e —— —Hel—Mgtt , 449 15.8"
Tl eimer T Fell
107 = -%(ube' 'Hlﬁ Heh—— 436 14.9
- | F—eHEe)— e
= ~——L—'€H; an T .
110 ——=>al(gjelt — i P 424 14 .2
—————Héf——ll —Caktg)—
113 T ONCN(OSH —,, Hel | — 443 13.4"
s I It L Bl L W~ —
116 __MW%——?T—— 402 125"
e ; Sy — 392 122
uNsﬁN(']QN(O’O}H 14"' 4[\
122 —— 9T He——— HgcEh oy
o ?
125 : : 373 11.1"
3 ¥ " ¥ .
-20 -10 0 10 20

AS500/L-17

14



Grating-dispersed spectrographs

dispersive elements

*  White pupil design (by Tull): cross-dispersed multi-object echelle with IFU
upgrade capability (HET Medium Resolution Spectrograph)

Fiber
Cables
Pupil Beamsplitter to .Pibcr e o
transfer NIRbeam\ mpug' 5 - xtk
mirror #2 Echelle Gratin —y § Mas
. pre
=
Pupil

Cross Disperser
Grating

Figure 6: MRS Visible beam optical layout

Ramsey ‘03

The problem with vignetting
increase with back-distance is
coupled to grating angle:

camera focal length = £2

> - o
/ grating size = Wg

Vs

collimator focal length = f1

-,

collimator—grating distance =d_cg
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