Hanle Echelle Spectrograph
(HESP)

* Bench mounted High resolution 1
echelle spectrograph fed by -wif I

Optical Fiber

* Second generation instrument for
HCT

The project is a technical collaboration between Indian Institute of Astrophysics (lIA),
Bangalore and Industrial Research Limited, New Zealand where both partners work
In close interaction
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Standard Echelle reduction

pipeline 1L based available

|
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Preshipment test (IA&CIRL) Nov 2014
MOUsigned |
f \ 0871212010 Final Shipment - Mar-April 2014
'\ Data pipeline / | Installation & commissioning
Instrument model Based — \“‘---.-_ \ June 2014
Simulation of ThAr spectra done |
- simple model with chief rays ;'

Dewar fabrication complete

Controller - standard ARC controller \

| '.
.
E2V chip - 23 Sep, 2013 ‘l CCD -UKATC !

Preshipment Testing Jan 2014 J/ f
Delivery at CIRL New Zealand Jan 2014

Testing March 2014 |




HESP specifications

Spectral resolution
¥ R =30000 (unsliced fiber)
¥ R = 60000 (with image slicer)

Continuous wavelength coverage: 350-1000nm in single exposure with
4Kx4K Detector format of 12mm square pixel

Mechanical stability 200 m/s
Radial velocity accuracy 20m/s (ThAr reference mode)

Total system Efficiency > 20% (including telescope and detector in the
range 400-700nm)

Double fiber mode to record the star and calibration/sky spectra
simultaneously for high precision RV measurements

A minimum inter-order separation of 400 um on the detector
Faintest limit ~12mag (@R=60000 S/N ~15)



HESP Module

Cassegrain Unit ¥ Calibration Unit
QO Attached to the side port of J Located in Spectrograph
HCT instrument cube Laboratory
“ Launching telscope Q'  Feeds cassegrain unit with flux
beam into Optica| fiber from calibration source ( Th/Ar,

Neon, Hallogen/Tungston)

* Auto guiding setu
g g P O Optical fiber ( Calibration)

> Atmospheric Dspersion

Q  ND filter/Color Balancing filters
Corrector

_ _ _ Q  Fiber selector ( 00,01,10,11)
> Pihole mirror /Optical

fiber (Science) v Spectrograph
> Calibration fiber U Input optics
> Alignment Optics Q Image Slicer
> Auto guiding camera Q Collimator

Q Echelle Graing

Q Slit mirror
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HESP Cassegrain Unit i
|
|
|
Yo
ADC Prism § —— |
o [ 1| —" —
/ Pick off mirror /‘ \ I
.. . e IS
= o e
Pinhole mirror -
/2 / |
£ W

. : : Image scale at the
- CLHIEUIREIEUA (inhole mirror is 87mm
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Instrument port, ADC 1 & 2

and 2" fold

Q Pinhole
diameter
-250 micron

2.85 arcsec

Collim ator

20de ARG CCD
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Calibration beam splitter cube
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X Alignm ent beamsplitter cube

Pupil stop

e Fibre imager
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Spectrograph fibre

~Z250 mm

Cassegrain input optics

Auto guiding options

U Guiding the target star
-the spillover annular ring

U Offset guiding within 100x100”
U Using HCT autoguider -offset field
U Image scale - 0.15”/pixel (6pixels)

FI9.2 HCT = FI/3.6 at fiber feed to
minimize FRD losses

100micron fiber core - 2.85”
5mm Collimated beam
Alignment Optics

Calibration Fiber feed



Spot diagrams at F/9 telescope focus -

(BJ: 0.71338, -0.0132 [d=g} -0M138, —-0.0133 [d=g}

(BI= 0.2022, 2.2000 [d=g}

DE- 4383, 4 3B6 m - -4.3BB, 4385 m

(BJ: 0.7138, 2.0132 [d=g} BI: -0.0133, 2.0132 [d=g}

- —-0.000, 2.005 m

- 4.3BB, .30 m - -4.383, 433l m

Earfmce IME- Focal pleme

the pinhole n

Spot Diagram

3171072011 Units are pm.

Airy Badins: 4.723 mm
Fizld - 1 3

BME radins : f.808 B.962 B.952 f.915 §.915
GED radins : 1% 914 1%.687 1% 567 15.10¢6 18364 HCT ADC 20110516.2MX
Circle diam: 240 Befersnce @ Centrodd Configuration: &1l 12

[l 12 zenith angles from 0 to 70 degrees are
combined and overlaid in each spot
diagram.

[] The circle diameters are 0.25 mm (equal to
the pinhole diameters) or 96% of a projected
fibe diameter.

[] This'ig for the square 100 arcsecond field

Seeing disk
diameter
(arcsecs)

0.25
0.5
0.75
1.0
1.25
1.43

Flux through
0.25 mm =
2.85 arcsec

diameter
pinhole

1.00
0.99
0.97
0.93
0.90
0.86
0.83

0.75
Simulat
imageaégtihe
detector of
guiding unit
for 1.43”
seeing

11 madqg object
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HESP operating modes

Alignment Mode _
g J_Jr"’-':‘ {E_,,_ Corner Cube |:|
5, | - s .
2\ e e
b Finhole - ) Spectrograph
Mirror r Beams-splitter Fil:lﬁescg 2
T - Cube
Alignment Ir A
Light source MTa Y
i Y CCD Camera |:|
S t:_a]il:uraiicun
Object + Sky Mode Fibre Input
i
11 I — i
¢
\¥~__ Pinhole ™ Eipl':?rgtsmgraph

Mirror

Object + Calibration Mode

Alignment mode allows
pinholes, calibration and
science fibres to be
precisely aligned.

Object and Sky mode is
for pure observation.

Object and Calibration
mode is for simultaneous
recording of object and
calibration spectra for
precision.

01\ = — - o |
| || ™__ Beamsspitter [1 Pure calibration mode is
Cube . .
g for calibration exposures
between observations.
Pure Calibration Mode o
Mirror [] Calibration fibre outputs
i 2 L L I
00 " A | :_,]_LE will be at f/3.6.
00: Calib-Calib

01: Object-Calib / 10: Calib — Object

Ejg Shutter behind Pinhole selects Fiber

11: Object -

Sky



HESP Pinhole - Fiber
Coupling

Pupil location
Pinholes
Fibre imager _ -—
Collimated space 5 _—— e
Tﬂﬂ_lll"_\ll | I e
j__}: — — =_— — - ===
L,
4— ~50mm —
Collim ator
Fibres
BT 0.00Z8, -0.00Z8 [d=g) [BT: -0.0026, -0.00ZE [d=g)
@ 8T: 2,000, 2.0000 [S=g)
DE:- -0.34E, 0340 m - 3348, 0347 me
8T- 00028, 90028 [H=g) (BJ- =0_00Z8, 0.00Z8 (d=g)
- 2,932, -0.001 mm .
Polymicro graph
Optical Report
Cablelw, F1
=== == =1 Cable 1w, F2
DA- -0.348, 0380 m - 0,348, ~0.343 m Cable2w, F1
=====aenaa Cable 2w, F2
Sarfmce: I
Spot Diagram 0.200
OQ O NV O L O O VO O L O O NV 0 O O
3171042011 Units are pm. ) P.i:*;q]l,a-:'ius: 1068 m rbb‘ rb% b(“l/ b‘b <OQ <°b( <9(b (o"l/ (-ob /\Q /\b( /\% (bq/ %Q) Q’Q o-’b‘ %%
Fisld : 1 3 1 5
BME radiue - 5488 5625 5.384 5.575 5.403 Wavelength (nm)
CEQ radius : 17.5938 18.276 12.€07 15.321 15.260 HCT ADC PinholsRelay 20110516. 2%
Circle diam: 100 eference @ Centroid Configuration: ARll 12




v" Calibration Unit

Q Located in Spectrograph

HESP Calibration unit

v’ Wavelength calibration: Th/Ar, Neon Laboratory
v . Q' Feeds cassegrain unit with flux
Flat Fielding: Hallogen/Tungston from calibration source
v Alignment : Laser Q  Optical fiber ( Calibration)
_ Q  ND filter/Color Balancing filters
ND Filter : OD 4
Q  Fiber selector (00,01,10,11)
e — jrivv
Filters/shutters |
N i \\! |_ 7 A \
Th-;\-fl\I:e " . 7 u __‘“__-::FF:i;res_
S Ly
1 7
blue —= —:} -
Halogen
> |- =4
L — /




F/10.46 spectrograph slit
Telecentric Space

Pupil 2 ¥ Spectrograph

Input optics

Large field lens KA

m Slicer

] —

Q
Q
Q
Q
Q

F/75 d

Q

These lenses and
fibres in two
separate ferrﬂs

Q

Ei F/3.2 :12.5% of
FRD losses

| compensated by
—_— _ llenses

L]
r

Fibre inputs




HESP Image Slicer

U The pre-slicer optics convert the fibre outputs to be
f/3.2 to f/75 for the slicer.

O Slicer and Fold Prisms

U Folding prisms are made separately and cemented
to the Slicer prism.

Sky and object

e 3 Overall length and width are of the order of ~13

mm.

 Slit : 340x340mm for Hi Res/ 140x680mm Lo Res
‘ 0.992 ‘

Low res

A iame 000 % ray= through = 99.96%
Footprint Diagram O 992
7,/02,/ 1111 '
= c;i M=z
= Mi. Max =  1.1990 | SlicerTestBed20110€27. MK
Ma adi Configuration: All 2 O 14
' 0.68
Fo.32 SN  Hires
- - T
Efficiency: Al unts mm
|}

~85%



[-slt
Slit Mirrar Exposure meter here

2 l 11-fld
Fald Mirrar

Echelle

Hartrman|
Shutter

Cetector

[ - Triple-pass Collimator Mirror
(W11 1.2, 1.3

Spectrograph optical

Layout

U Echelle grating :

Blaze angle: 65deg (R2.15)
Groove Frequency: 52.671/mm
Size: 220x420x74mm

Q  Collimator :

F Ratio: 10.45

Beam size: 177mm
Focal length : 1850mm

3  Prisms
Apex angle : 55deg
Material: BSL-7Y

d  Camera

O Six Elements
CM1.1 Ohara FPL51Y
CM1.2 N-BAK2 schott
CM1.3 OharaFPL51Y
CM2.1 FSL-5Y Ohara
CM3.1 BSL7Y Ohara
CM4.1 FPL51Y

O Focal Ratio: 2.7
O Flat Fieldner



Spectrograph Integrated on
Optical Bench
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Detector: 4K x 4

HESP Spectral Format/ Image Quality

K, 15mm square Pixel

m  Ag(nm)
35  983.27
43 800.34
48 716.97
53 649.33
58  593.35
63  546.26
68  506.10
73 47143
78 44121
83 41463
88 391.07
93 370.05
98 351.17

AytDNFSR(nm)
170 28.09
15.7" 18.61
16.0° 14.94
16.7° 12.25
17.6" 10.23
18.8* 8.67
20.2" 7.44
21.6" 6.46
23.2" 5.66
24 9* 5.00
26.7° 4.44
28.6" 3.98
30.6" 3.58
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HESP Detector

e2v technologies PROPOSAL Document : e2v-PR-1096

Is=ue : 1
ATC graded-AR CCD231-84 Fage : 4of 8
Date : 23 Nov 22

4
TOPF | +7)
4
— "
™ R2305
et .. R18889 —
g e {0,210) a
E B 5 s~ -_"""""‘.— -
R210 at order T3 a
=" 471 nm
4
Concentric ancs
i Commeon arc centre, (0, 210)
| '3 “
Wevalenglh, ren
4

Figure 1. Wavelength map

The coating orientation has not been specified. The figure below gives a proposed orientation on the device. If M
attemate orentation is reguired (ie rotated 90 degrees) then this must be agreed at contract placement.

Y=0 = row-zero of CCD = connector-1 end of CCD.

4kx4k E2V 231-84

Custom AR graded

Back illuminated

Standard silicon device
15Micron pixel size
4-readouts

1MHz, 50kHz- readout speed
System gain-1.20,2.50 e-/ADU

Read noise - 3.8,4.2e-

X=0- column-zero of CCD. 4 Fl‘inging < 1% 900nm

Centre of device is X, Y = 2048, 2048 nominal.

The proposed coating orientation is with tha red end at the X=0 side (ie near amplifiers E, H).



Detector QE

100 -

== QE-CIRL
= QF-Actual

350

450

550 650 750 850 950
Wavelength (nm)

Efficiency : 20%
450nm to 700nm

Spectrograph Efficiency
Slit to Focal Plane

80 1 |

4 |V '

(5]
o

(=]

.ﬂ

|

Efficiency (%)

20

10

1 1 1 L 1 1 I I I 1 1 1
950 400 450 500 550 600 650 700 750 800 850 900 950 1000
Wavelength (nm)

Spectrograph + Telecope
Efficiency

Efficiency (%)

1 1 1 1 L 1 | | | 1 1 1
gSU 400 450 500 560 00 650 T00 750 800 850 900 250 1000
Wavelength (nm)



HESP Thermal Enclosure :
Concept

Spactrograph Raom
Cotralled at 10 ¢ 20 £0.5C
M chian e of tem pecatiive: 2C/h

Spectrograph Enclosure -
(Expandiad polysyrens pansis?) Instrumant cabinatis)
PC, Controllers, PSUS e

I AT>5C, interdocks
prevedid opening of
Specirograph enclosurs

Spectragraph




L ﬁ F;\ \\\\\\\

et e
g.

HMI with real time
display

Chiller, AHU &
Thermal Control




Thermal Stability

Temperature stability
obtained is +/- 0.05 deg
C against the
requirement of 0.5 deg
C on the set point( +16
deg C ) when the
ambient temperature
was varying between -8




Spectral format at the detector







Scattered light iIn HESP
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HESP data pipeline




Tracing Interface

50000

40000 -

30000 -

20000 -

10000 -

0

Sensitivity JI[ ]

Detected Apertures : 65

-

mﬂﬂﬂ

0 500 1000 1500 2000 2500 3000 3500

4000

4500

| 0.00
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CEMP star using HESP
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Radial Velocity [k s)
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)

anet observations with HESP
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New EMP stars with HESP
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Binarity among EMP stars

140 _

-120 —

km/s)

— -100

-80

Radial velocity

-60

40 |

B i i i i i i i i i I i i i i i i i i i I i i i i i i i i i I i i i i i i i i i I i i i i i i i i i N
2.4573+10° 2.4574+10° 2.457510° 2.4576+10° 2.4577+10° 2.4578+10°
Modified julian date
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