4. Spectrographs for astronomy

Types of spectrographs: slit, multi-objects, IFUs
OUTLINE:

Multi-object slit spectrographs
— concept
— slit masks

Fiber spectrographs
— positioning fibers in multi-object spectrographs
— from fiber output to spectra

Integral Field Units (IFUSs)
- lenslet
- fiber
- slicer
- Fabry-Perot

Sky emission suppression in spectrographs



Multiobject spectroscopy: many spectra at the same time




Multiobject spectroscopy: many spectra at the same time

Why not simply put a prism (or other dispersing element) ?

BAD idea:
- collisions between spectra
- spectra mixed with sky — poor sensitivity for faint targets

Light from the sources needs to be optically selected
(mask, aperture) and dispersed

Total number of pixel in detector is a limit. At best:
spectral coverage (AA) x spectral resolution (R) x # of objects ~ # of pixels
(unless measurement is done sequentially)

— multi-object spectroscopy is typically for low/mid resolution spectroscopy



Why use masks/slits ?

Simple prism or grating, WITHOUT mask/slit: [[I]]
Large amount of sky background mixed with spectra l

Sky
subtraction



Multi-object slit spectrographs

Concept
Single object slit spectrograph: source is imaged on slit, and slit is then dispersed on

detector(s)
Multi-object slit spectrograph: multiple sources imaged on multiple slits, and slits dispersed

on detector(s)
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Multi-object slit spectrographs

Pre-imaging:

Acquire image of the field to indentify objects of interest and accurately measure their
positions

Mask design: design slit mask to acquire spectra of as many objects without collisions
Mask cutting: laser cutting machine cuts masks

Observation: mask is inserted in focal plane

% Skycat - version 3.0: examplel preima.fits (1) - b X

Fle View Graphics Go Data-Servers GMOS-MM3

: |ABELL3ZEE
X (210
¥: [1396.0
Value: |823.042
t: |04:30:56.065
§: [-B124:1984 |
Equinoz: |2000
Min: [735.357
Max: [135264
Bitpix: |-32
Lows: IW
High: [13azos

Auto Set Cut Levels |

1 Grid: |




Sample GDDS Mask
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Clever slit
masks...

NIRSPEC, for the JWST, uses an
array of microshutter to produce any
slit geometry




Fiber Spectrographs

Concept: light transported from focal plane to spectrograph by a fiber
Concept can be expanded to multiple objects: one fiber per object

“Stick & slip” motion
e by saw-tooth voltage pulse

(mw M

j I
i
!

74

— P — -
T — - -

H Timing
N l
‘ - Static friction Dynamic frictior . i |
Iy
£
i i
Quickly bend ] §
Slowly bend back and slip 11
'
E
40micron
(14micron)

FMOS fibers



Integral Field Units (IFUs)

Concept: acquire spectra for each point in the field, no gaps

Spectrograph Spectrograph
Input Qutput
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Image slicer
Uses stack of mirrors to slice 2D image into a 1D slit

Diakacy b

Pupll mirrors




From image slicer to 3D data cube

Two dimensional original on-sky iImage
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Image slicer concept:

slice image in small slices,
line them up into a long slit
and disperse

Courtesy: KMOS



Multiple small field IFUs

st - IS S KMOS design (ESO)
= ol 24 IFUs, each 14x14 elements



Fabry-Perot cavity

Resonant cavity consists of two // semi-reflective mirrors
Very good for high spectral resolution imaging, but poor efficiency

n: refractive index in cavity
. | cavity length
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Suppressing sky emission
Concept: remove narrow emission line due to Earth's atmosphere

Problem : sky emission is spatially and temporally variable. It may interact with pixels in
ways that are not well characterized (series of narrow spectral lines, can cause interference
within pixel)

Removal by software:
— In slit spectroscopy, slit is larger than object, and contains sky only emission which
can be subtracted from object location
— In multi-object spectroscopy, some slits (or resolution elements) only contain sky
emission

Software + observing technique:
Nod & Shuffle technique: acquire sky and object on same pixels by nodding the
telescope back and forth. Shuffle charges to avoid readout noise penalty

Hardware:
Physically block sky emission with a mask before it hits the detector. The mask may be
In a plane where spectral resolution is larger than on the detector



Suppressing sky emission
Concept: remove narrow emission line due to Earth's atmosphere

Nod and Shuffle
(GMOS, Gemini)
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Sky cancellation: Nod &
Shuffle Demonstration

L

Typically A=60s/15 cy: 1800s exposure [I 10-3 subtraction

Credit: Kathy Roth (Gemini)



Fiber Spectrographs: from fibers to spectra
Example below shows FMOS optical design, shows sky emission blocked by mask mirror

Mosaic grating

/

Off-axis Schmidt plate

Folding mirror
VPH grating
Entrance window

Thermal cut-off filter

- F #] '1.

Camera lens system

Mask mirror
Fiber slit

Fiber bundle
Camera cryostat 1.4m Camera

Oarnnial &olinmidAdr sslata SR S,



i i
i
A o W
i i
WA s
Y Wi
i i i
WA o
i )
AMANARVRTONY CERRPIRUINIRCY SRAVOMRTERCRTO

_______L___

LRI E]

Il

(AT i

RIREAEIRIR _u____.:_ ____.___ [ULIEIETIET]

AL 2_____:___ |

I

L _-___.__:.____
.___u_ ____ (10}

ALIRIATTETRTRY E__
LI TR TR T

i _.______”_._ i _____________q _:___________ i

Fiber Spectrographs

RN fn ___________q_
F AR R
HHEIRTT i
:_“._ [if}
_._._ Il

1°]
P .
ud
&)
Q
Q.
(7]
@)
o
N
P .
()
o]
ﬁ
&
@)
S
(T

©
O
o
Q
%)
N
@)
=
LL

AN A ______ﬁ__________

IRIFIRIAERIE IR DR IR e

[ 11

IUTIIRRRITETINIE JOIbRa R

IR BRI TR
LT __-___ JALIRIATAERR TR RN
IRIRIEIR i ___-_.___:-_._2-_":
TR I T _____ T

AT TITIT .:.:. T

DIRNEEARIRE A e i na e
IEIRIRTARIRIR AR Api iR
AOLEREINEIEIR AT APTE AR

AR AT ____________________h
HRRERE T BRI RR
(AERLAT SRR

LCETRETIT T ]

RIARIFIRIAEIRIN AR dririniap

TR A

1
IRTREI IR e
(LIRIRIALIR]R]

TALIRIRIAEI RN e
LIETRII LI TR

T Il h________________

LTI I

i A i i o
FAOARTRE TR A0

IR TR T
_.__n_-____ AT
_-____1___ ILIRLILY

TR TIELAL]
_: T CTEIRTILTAT ]|
LISTIETRLIETEIR LIR |

ROEIRITERTRAEIOD DO EIOO IR PRIET FAELPTRATI R Ea

|
NAHEOOCOORD COANRORORE AMAOTARRIVIEL (ORI
WROEIAEOENE GROROORTARRRITT JODEARIEAARIRRN ORROAT
(RN OOETELEIRAROI AEIPIDITRDERRL RO

A S o
(TR T (U il Il

I

___-____._ ____q____
T LT IE T

LILIRINL LI LRl ] -_.____

il Bl RS

HipiFidFIRIEIan

iein R e
IETALEIR AR
AR EI R R R
LILIRL

AL

(AT IAT I
IR TR

ETIRTRTI IR L]

____m______________ﬂ_ﬁ__

[ALILIRTA LR
PIFIRINEIRING

STILIRLEER T
RIR T

1L} piFiEiapinaE

(DR e
iirigidiiRIanm TLIEIEIRT L RIS L L
=_._ FEEIEOIRIEDE PR EIRR e

B0 BRI PR
_““““.“_“““_-_u:__- -“ (L IFILIRL

JRLE] ILICIEL AL Wy e
ORI IEIE AL T R L LR I

LTI T TR TR R SRR
[[TE] AR AR

M 18

IR
(HANDEAT
(IR IR
L

Isible
lon image

ibers v
brati

Individual f
this ca
(narrow em

In

| ORI ORI A =_____=____= (I AR A [T FEANRIRTRTRE e
“____ O R

O R A i _______________

i
I

[TTRIRLAEIELE L]
_—_____._.___

iInes)

ISsion




	Slide 1
	Slide 2
	Slide 3
	Slide 4
	Slide 5
	Slide 6
	Slide 7
	Slide 8
	Slide 9
	Slide 10
	Slide 11
	Slide 12
	Slide 13
	Slide 14
	Slide 15
	Slide 16
	Slide 17
	Slide 18
	Slide 19

