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Hobby-Eberly Telescope Dark Energy Experiment

HETDEX is

* upgrade of the 9.2m Hobby-Eberly
Telescope with a new instrument: VIRUS
enormously multiplexed IFU

* a blind spectrographic survey for
Ly-alpha emitters

* 400 (60) square degrees over 3 years (+

equatorial extension, + “special fields:
COSMOS,Virgo, M31 ..

e ~ 0.8 million redshifts from
|.9 <z < 3.8 (Ly-alpha emitters)

e about | million redshifts from
0 <z <0.5 (Oll emitters)

i
eyt

* Total budget US$ ~40 million

UNIVERSITY OF

OXFORD ' Max-Planck-Institut

fiir Astrophysik
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Hobby-Eberly Telescope Dark Energy Experiment R

VIRUS: mosaic of 75 IFUs feeding 150

spectrographs mounted on HET 9.2m at
McDonald Observatory.
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Hobby-Eberly Telescope Dark Energy Experiment

VIRUS: mosaic of 75 IFUs feeding 150
spectrographs mounted on HET 9.2m at
McDonald Observatory.

slit entrance

® uses a double Schmitd type design
accepting /3.2

® Schmitd camera allows for fast
optics with a low number of
optical elements and large spectral
coverage

® 448 fibers per IFU with |.5”
sampling and 1/3 filling factor

VPH gratlng f/1 4 camera

]

® covering the 3600-5500A range at
R=700

® For HETDEX the spectrographs
are paired and share cooling,

. slit entrance VPH grating
electronics and fiber feed
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Hobby-Eberly Telescope Dark Energy Experiment

* Production IFU cables are being
assembled at one qualified vendor
and at AIP

— As of this week we have 36 IFUs
delivered by vendors and accepted,
with 20 completed and partially tested

* Projecting >50 completed and
installed by start of VIRUS
commissioning in Q2 2015

Cameras are the most complicated
part of the spectrographs

Production quantities of parts for
cameras are in hand

All optics are delivered

UT is integrating and aligning the
spectrographs

26 units completed, assembly of further
units will extend through 2014
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C software & survey design

« HETDEX will create a data volume of

120 GB/night and 20 TB in three year
survey

=) Munich’s main responsibilities

* computing infrastructure

* implement core data analysis and source
detection algorithms: Cure

* integration into AstroVVISE for

— 20120831

* automated, distributed and parallelized; [~
processing

F— gp

F— 20120831T192624
F— 20120831T192624
— 20120831T192624
F— 20120831T192624
— 20120831T192624
F— 20120831T192624
L— 20120831T192624
wis

I |

* user access (web interface)
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* user management

ol
"
o

— us

120831T194048_001LL_£}
b— 20120831T194048_001LU_£]
b— 20120831T194048_001RL_£]
b— 20120831T194048_001RU_£]

* provide HETDEX data simulation
framework and datasets

}— 20120831T194048_002LU_f1t.fits
}— 20120831T194048_002RL, flt.fits
L— 20120831T194048_002RU_flt.fits
wis

N N |

o
.
N ot
B &

* feedback to the instrument design

Q. =
oOrF 0

cipie.txt :
coults. txt Simulated data products, used for
00.

00002 testing of Cure and CureWISE
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Hobby-Eberly Telescope Dark Energy Experiment

Need imaging survey
LYMAN ALPHA EMITTERS Low-z GALAXIES

8/N - 9.33 i

i FWHM,, - 6.90% % ! . ol

) Aepe = 4779.348 ; '. ﬁ
| EW,, >80748 |
e i Al L Qo0 = 169.0730° | 24971 i g
daopo = 62.2184° iy I
--------- o . - ~ - l.‘ .

[l Fed 4=y tm o e L+ T gt TR B 4 : j ;
i E '_ TR - -
. . LEe - .

10000 T T
: B 5 ocirlr_?ilz .
® Deep imaging survey is | s
needed to discriminate RS TRPST . L g
against Oll emitters 2 w0l
® required limiting g-band €l
magnitude is 25.1
1r
® HPS is the preferred | Adams et.al .y
OPtIOn. Needs ~ 2 nlghtS > 3500 4000 4500 5000 5500
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Hobby-Eberly Telescope Dark Energy Experiment

For updates:

http://blogs.utexas.edu/het/

http://het.as.utexas.edu/wfu/
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E; ' ' e p ‘ Hopp et al. 2012
. Thiele et al.2012




WST

Instruments

| IR channel
(Y,J,H,Ks)

simultaneous imaging
Lang-Bardl et al. 2010

0.5 Deg? FOV

u,g,hi,z ' H | G| ey
samples 0.8” seeing - = 1= [ ,l,;,;fl“
Gossel et al. 2012 = ‘ \f , N

VIRUS-W

. . . T emperature an
optical, high resolution, Pressure stabilized

105" x 55” FOV B il .o B | Echelle R ~ 70.000, stable
Integral Field N NG s n R Y to < | mis

Fabricius et al. 2012 |2

Brucalassi et al. 2012



e’ Introduction Rz

requires R =1000 .- <"
® Interested in the dynamics of low dispersion L
galaxies.

accessible to e.g. SAURON *

MIOI (SABEd)
Oo ~ 70kmls . o

NGC2976 (SAc)
0o~ 20km/s
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& Why resolution matters 4
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A § v/0 distinguished

. f kinematically cold and
@ '

-g e hot systems

5 of

Vo
A
asymmetric S
deviations (h3) may £
: e £

be sign for “disky- =
ness” or multiple

components Vo
A
symmetric deviation (h4) =
indicate whether orbits O
are predominantly radial §
or circular =
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Introduction 4

and LOSVDs do
not need to be well-behaved!

number




@? I N t 'O d U Cti on ™87 (E0) G ~ 330km/s

requiresR~1000 . -~ .

® Interested in the dynamics of low dispersion
galaxies.

® Typical instrumental (extragalactic) resolutions (R [SEESEESEEE. .
~ 3000 or Oinst ~ 40 kms™') can not resolve these  FNSREINA to;_é.'g'_.{'fS‘ALj:RON
regimes. i — o s

MIOI (SABéd)
® Today stars form in disks! Typical gaseous disks Go ~ 70kmls

have dispersion of the order of ~ 10 km/s (e.g.
Tamburro et al. 2009).

.
- e B
R

® So really what we want is large instrumental
dispersion
(R ~ 10000 or Cinst ~ 10 kms™!).

NGC2976 (SAc) ,
v max ~ 35kmiSHEE

® BUT: High dispersion is expensive — large
apertures.

® These do not need to be the telescope apertures.
Idea: Build a wide field of view, high
spectral resolution but low spatial
resolution IFU.




o) VIRUS-W

"

Based on VIRUS for HETDEX

Fiberfed IFU spectrograph

74

2.7mm/75” |

Rect. field of view:

105 x 55*

267 fibers, fiberdiam. on sky 3.2”

two spectral resolutions:

low res:

spectral coverage, nominal

spectral coverage, actual
resolution (AM/))

resolution (o)
linear dispersion
grating

high res:

spectral coverage, nominal
spectral coverage, actual

resolution (AX/))

resolution (o)
linear dispersion
grating

4750 A - 5600 A A0\
4340 A - 6042 A

= Camera

,cr,y‘og'enic ”
L %) -cooling |

h "\ ‘lines’. -

folding mir;or
& pseudo slit

low res.

/mo@e igh res.

de

1700 to 3300 (depending on wave-

length)

38km/s to 75 km/s

0.52 A /px

190011/mm VPH grating

4930 A— 5445 A

4850 A— 5475 A

7900 to 9000 (depending on wave-
length)

14km/s to 16 km/s

0.19 A /px
3300 1I/mm VPH grating sand-
wiched between two prisms

pseudo slit

collimator




1 6001l/mm VPH
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folding

- mirror
collimator ®
\ =y

o) VIRUS-W
L/v

® Based onVIRUS for HETDEX

low res.

/mo@e igh res.

2.7mm/75” |

de

® Fiberfed IFU spectrograph

® Rect.field of view:[105* x 55

® 267 fibers, fiberdiam. on sky 3.2”

® two spectral resolutions:
low res:

“cryogenic

spectral coverage, nominal 4750 A - 5600 A R\3 &\Cﬁggr;g -~
spectral coverage, actual 4340 A - 6042 A NN :
resolution (AM/)) 1700 to 3300 (depending on wave-
length) GRISM
resolution (o) 38km/s to 75 km/s
linear dispersion 0.52 A /px
grating 190011/mm VPH grating folding
high res: mirror
spectral coverage, nominal 4930 A— 5445 A 4
spectral coverage, actual 4850 A 5475 A \
resolution (AX/)) 7900 to 9000 (depending on wave- X
length)
resolution (o) 14km/s to 16 km/s pseudo slit collimator
linear dispersion 0.19 A/px 100 mm
grating 3300 1I/mm VPH grating sand-

wiched between two prisms 19
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Nov10
Dec10
May11
May11
Junii
Jul11
Aug11
Augii
Augii
Oct11
Dec11
Jani2
Feb12
April12
May12
Juni2
Juni2
Augi12
Okt12
Jan 13
April 13
April 13
Sept 13
Dec 13
Dec 13
Jan 14
Jan 14
Feb 14
Mar 14
May 14
May 14
Jun 14
Jul 14
Aug 14
Aug 14

comm
comm
bulges
Black Holes
LSBs
VENGA
draco
bulges
LSBs

M31

LSBs
VENGA
VENGA
dwarfs
LSBs
bulges

disk reson.
M31 dwarfs
M31

LSBs

GCs
counterrot
GCs
medido
medido
medido
disk dispersions
medido
medido
GCs

disk dispersions
medido
medido
medido
GCs

Pl MF

Pl MF

Pl MF

PI Saglia

Pl JA
PITW

Pl Jardel

Pl MF

J. Adams
Pl RS

Pl J. Adams
PITW
PITW

Pl MW

Pl J. Adams
Pl MF

Pl J. Gersen
Pl MF

PI M. Opitsch
Pl JA

Pl Rukdee
Pl MF

Pl Rukdee
PI MF + EN
PI MF + EN
PI MF + EN
PI SA

PI MF + EN
PI MF + EN
Pl Rukdee
Pl SA

PI MF + EN
PI MF + EN
PI MF + EN
Pl MF

VIRUS-WV science

obs MF+Drory+Singula+Wullstein
obs MF

obs J. Snigula & M. Landriau
obs J. Snigula & M. Landriau
obs J. Adams

obs M, Landriau & M. Williams
obs J. Jardel

obs M. Williams

obs J. Adams

obs M. Williams & mF

obs Adams

obs Mimi Song

obs Mimi Song

obs M. Williams

obs J. Adams

obs M. Williams

obs J. Gersen

obs MF + M. Opitsch

obs R. Saglia + M. Opitsch
obs J. Adams

obs Rukdee + MF

obs MF + M. Opitsch

obs Rukdee + M. Opitsch

obs Fabricius

obs Gebhardt + Shetrone + Mueller
obs Shetrone

obs SA

obs Fabricius + Noyola + Mueller
obs Mueller?

obs M. Opitsch

obs SA

obs Noyola

obs Williams, Mazzalay, Thomas, Shetrone

obs Thomas, Shetrone
obs MF

3 nights
5 nights
7 nights
2 nights
8 nights
7 nights
2.5 nights
6.5 nights
13 nights
10 nights
9 nights
3 nights
4 nights
4 nights
5 nights
8 nights
6 nights
3 nights
3 nights
6 nights
3.5 nights
3.5 nights
5 nights
7 nights
5 nights
3 nights
3 nights
5 nights
4 nights
5.5 nights
3.5 nights
3nights
7 nights
5 nights
8 nights

total: 186 nights

LMU

1 INAA
UiV

21



NGC205.

Dec 13
Jan 14
Jan 14
Feb 14
Mar 14
May 14
May 14
Jun 14
Jul 14

Aug 14
Aug 14

medido

medido

disk dispersions
medido

medido

GCs

disk dispersions
medido

medido

medido

GCs

. 0.0 U0 UV T T U T T T T UTTOO

VIRUS-WV science

-230
-232
-234
2369
—238§
240 ®
—242
—244

" Simien &IPrugrllieI 02

VIRUS-W 4

—60 —40 —20 0

r["]

20 40 60

LMU

T 0.65

—60 —40 —20 0

r["]

20 40 60
22
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Nov10
Dec10
May11
May11
Junii

Jul11

Aug11
Aug11
Augii
Oct11

Dec11
Jani2
Feb12
April12
May1
Juni2
Juni2
Augi12

Okt12

Jan 13
April 13
April 13
Sept 13
Dec 13
Dec 13
Jan 14
Jan 14
Feb 14
Mar 14
May 14
May 14
Jun 14
Jul 14

Aug 14
Aug 14

comm
comm
bulges
Black Hole
VENGFA
draco

b

LSBs

IVIST
LSBs
VENGA
VENGA

disk reson.
M31 dwarfs

N4

LSBs

GCs

counterrot

GCs

medido

medido

medido

disk dispersions
medido

medido

GCs
disk.diepnersions
medido

medido

medido

GCs

PI MF
PI MF
PI MF

PI Saglia

Pl JA
PITW

Pl Jardel

PI MF

J. Adams

PI RS

Pl J. Adams

VIRUS-WV science ..[

obs MF+Drory+Singula+Wullstein

obs MF

obs J. Snigula & M. Landriau
obs J. Snigula & M. Landriau
obs J. Adams

obs M, Landriau & M. Williams
obs J. Jardel

obs M. Williams

ohs J. Adams

obs M. Williams & mF

obs Adams

arcsec

arcsec

UGC 2002

40

arcsec

ller

Dark matter only

——o— NFW (< 90 l<r1'|v
— — ISO best fits

O IC 2574 A DDO 154 O DG1

" O NGC 23667&7000 53 'O DG2

V7 Ho | A M81dwB

10-5 __OHo 1

ool ! Ll
10! 100

R/R,5 Oh etal.20l

Generalized Navarro-Frenk-White

1
r/rs)*(141/rg)3—
a =0 — core

p(r) = (

a=1— cusp
30_'-'|-'-|-'|

g :
0.2 0.4 0.6 0.8 1.0
@  Adamsetal.2013 23




Kinematic Sub-Components
Case Study NGC 7217

VIRUS-W FoV

| .Sh/dither, 3 dithers to fill IFU
600s skynods

previously obtained 12 kinematic
templates and 9 further standards
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bin 130
x =-20.5"

= 3.5"
— ﬁin. cold component
v=-151.1_120% [km s~ ']
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— kin. hot component
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@ Kinematic Sub-Components
Case Study NGC 7217 -

two component Stars component A

component A - image
LOSVD 5 ol TR
20 ' —
— 10 2.0? T
T T I T T z, F S E
1.0r ' bin 130 ] = 0 155 =
I 2= -20.5" -10 1.0” s
: — Zc/om=p03;1'e?1t A _20 0.5
0.8F L u=—1511%3 [km s7'] '
I o = 20223 [km s7'] x["]
: — component B
- I v=-59.6527 [km s']
£ 0.61 L o= 183517 [km s t
e stars componen
1
O |
=0.4r ! component B - image v 3
B B
30F T T T T T | . 30F T T T T T = 150 30F T T i T T 220
0l 200 W W 20k \) M0 — 200 1 L O- /8200 —
10F 1208 10; 11950 W 10- 13180,
o : : Iz J0 e JE 1j160 ¢
J = OF 11 41.5% = OF g 4= O 115140 2
0.0 . L W] —10F 107 —10- 41 350 —-10- 4l 4120 «
-400 -200 0 200 400 _20b 3 : _20F ik4-100 *® —20F 1 Jk4100 ®©
’U[km571] ISP (I NI IS S S NS ST [ St 0-5 o b e b e b e e b by _150 80
-40 -20 O 20 40 -40 -20 O 20 40 -40 -20 O 20 40
x["] x["] x["]
T T T T
1.6 bin 59 ]
z = -1.5"
y = -19,0" gas
— component A
0.8F v=—7.001% [km s7'] 7
o = 23359 [km s7']
— component B AO[H}] Vol oo
- v=—13.50% e — ,
2 0.6f o = 162.31%%4 [km s'] 70
o - - combined [3) E
= - >3 -
=0. = 4e =
3
~
0 ii
: 0 —40 -20 0 20
X["]
0- . .
Fabricius et.al 2014 2%
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Kinematic Sub-Components

10N
PN PN g 1 ™~y UsMm
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E ——————— Age=10 Gyr Y E
: : : : r Age=5 Gyr 4/0' ]
F Cold + Hot co—rotating rms= 0.02 1 r ]
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I E - Component B ]
g 7 L ]
8 E — 3 ; QbQ{
b o<, C L AL ]
B — ok.\ee :
i B AL NG ]
0.2 E‘Component A E i E [2/17 E
0.0 : — : : : Vares Iso . A
F Cold + Cold counter—rotating rms= 0.04 ] 2L 35
= B r /] ]
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z : ]
g 1t =
2 r ]
© r ]
g 35 1
0.0 C A S C S
5150 5200 5250 5300 5350 0 1 = 3 o 4 5
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stars component A
component A - [Fe5270] component A - [Fe5335]
4.0 T 4.0
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~10 20w 20w
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— 10p
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Fabricius et.al 2014
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Nov10
Dec10
May11
May11
Junii
Jul11
Aug11
Aug11

Augii L
Oct11
Deci1

Jani2
Feb12
April12
May12
Juni2
Juni2

Augi12
Okt12
Jan 13

April 13
April 13
Sept 13
Dec 13
Dec 13
Jan 14

Jan 14

Feb 14
Mar 14
May 14
May 14
Jun 14

Jul 14

Aug 14
Aug 14

comm
comm
bulges
Black Holes
LSBs
VENGA
draco
bulges

VENGA
VENGA
dwarfs
LSBs
bulges
disk reson.

GCs

counterrot

GCs

medido

medido

medido

disk dispersions
medido

medido

GCs

disk dispersions
medido

medido

medido

GCs

Pl MF

Pl MF

Pl MF

PI Saglia

Pl JA
PITW

Pl Jardel

Pl MF

J. Adams
PI RS

Pl J. Adams
PITW
PITW

Pl MW

Pl J. Adams
Pl MF

Pl J. Gersen
Pl MF

PI M. Opitsch
Pl JA

Pl Rukdee
Pl MF

Pl Rukdee
PI MF + EN
PI MF + EN
PI MF + EN
PI SA

PI MF + EN
PI MF + EN
Pl Rukdee
Pl SA

PI MF + EN
PI MF + EN
PI MF + EN
Pl MF

VIRUS-WV science

obs MF+Drory+Singula+Wullstein
obs MF

obs Williams, Mazzalay, Thomas, Shetrone
obs Thomas, Shetrone
obs MF

3 nights
5 nights

7 nights
5 nights
8 nights

total: 186 nights

Saglia et al. 2010

LMU

28
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Nov10
Dec10
May11
May11
Junii
Jul11
Aug11
Aug11

Augii L
Oct11
Deci1

Jani2
Feb12
April12
May12
Juni2
Juni2

Augi12
Okt12
Jan 13

April 13
April 13
Sept 13
Dec 13
Dec 13
Jan 14

Jan 14

Feb 14
Mar 14
May 14
May 14
Jun 14

Jul 14

Aug 14
Aug 14

comm
comm
bulges
Black Holes
LSBs
VENGA
draco
bulges

VENGA
VENGA
dwarfs
LSBs
bulges
disk reson.

GCs

counterrot

GCs

medido

medido

medido

disk dispersions
medido

medido

GCs

disk dispersions
medido

medido

medido

GCs

Pl MF

Pl MF

Pl MF

PI Saglia

Pl JA
PITW

Pl Jardel

Pl MF

J. Adams
PI RS

Pl J. Adams
PITW
PITW

Pl MW

Pl J. Adams
Pl MF

Pl J. Gersen
Pl MF

PI M. Opitsch
Pl JA

Pl Rukdee
Pl MF

Pl Rukdee
PI MF + EN
PI MF + EN
PI MF + EN
PI SA

PI MF + EN
PI MF + EN
Pl Rukdee
Pl SA

PI MF + EN
PI MF + EN
PI MF + EN
Pl MF

VIRUS-WV science

obs MF+Drory+Singula+Wullstein
obs MF

obs Williams, Mazzalay, Thomas, Shetrone
obs Thomas, Shetrone
obs MF

3 nights
5 nights

Opitsch in prep.
7 nights
5 nights
8 nights

total: 186 nights

LMU

160

120

o
v [km/s]

29
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VIRUS-WV science

g

1 10OAA
Uuoivi

Nov10 comm Pl MF obs MF+Drory+Singula+Wullstein 3 nights

Dec10 comm Pl MF obs MF 5 nights

May11 bulges Pl MF i R i nigh

May11 Black Holes PI Saglia

Liind4 1 DA Nl 1A

[O1T]50074
_[OIH]4959A

Amplitude [arbitrary units]

[OI11] 19504 [

or H]5007A

49504960497049804990500050105020

160

120

4900

5000 5100

5200

Wavelength [A]
‘May 14 ‘disk dispersions 'PI'SA |0 . i T h
Jun 14 medido PI MF + EN _ Opitsch in prep.
Jul 14 medido PI MF + EN obs Williams, Mazzalay, Thomas, Shetrone o 7 nihts
Aug 14 medido PI MF + EN obs Thomas, Shetrone 5 nights
Aug 14 GCs PI MF obs MF 8 nights

total: 186 nights 30
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VIRUS-WV sc¢

A
Nov10 comm PI MF
Dec10 comm Pl MF obs MF
May11 bulges Pl MF
May11 Black Holes PI Saglia
lLivimn4d4 1 ODA NPl 1A
[OIII]5OO7A g

Amplitude [arbitrary units]

49504960497049804990500050105020

[O111] 4959A

[OI I 1}5007A

4900

1000

obs MF+Drory+Singula+

y [arcsec]

o

300

240

180

1120

160

V., [km/s]

o

y [arcsec]

(=]

—1000f

5000 5100 5200
Wavelength [A]
‘May 14 ‘disk dispersions PI'SA 10¢
Jun 14 medido PI MF + EN .
Jul 14 medido Pl MF + EN obs Williams, Mazzalay,
Aug 14 medido PIMF + EN obs Thomas, Shetrone
Aug 14 GCs Pl MF obs MF

x [arcsec]

—500f

"r'—.
|
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C Conclusions

® Fibers are now a standard to construct IFU, essentially all
ongoing and upcoming optical 3D surveys (CALIFA,
SAMI, MANGA, HETDEX ...) use fiber IFUs.

® Instruments are becoming increasingly modular (MUSE,
KMOS, PFS), with VIRUS/HETDEX ~ |0-folding current
concepts.

e HETDEX uses 150 units in a blind spectroscopic survey P
for LyA source in the distant universe.

2#7-m*Harlan JESmith

. RN ’~.~,‘ Wy o o e
" telescope @ McDonald -

e HETDEX will start observing summer 2015.

® VIRUS-Ws design is derived from the HETDEX survey
instrument.

® VIRUS-W is a high resolution, large FoV IFU instrument
dedicated to stellar dynamics.

® Commissioned at 2.7m in Nov. 2010, regular science
operation commences.

® Does resolve dispersions down
to |15 km/s. Offers an additional stellar populations

mode. 9.2 m HET @ McDonald

® Gives access to complex LOSVDs at low velocity
dispersions. 34
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Thank you!

35



