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l. INTRODUCTION

EUCLID mission [1]has been selected by ESA in 2012 in the context of the Cosmic Vision progi
understand the nature of the dark energy and the dark matter. It is designed to map the geometry o
Universe by investigating the distance-redshift relationship and the evolution of cosmic structure
scientific instruments are used: the Near Infrared Spectroscopic Photometer (NISP) [2] and the
Instrument (VIS) [3]. The NISP instrument of EUCLID is dedicated to measure the redshift of millic
galaxies and to analyze their spatial distribution in the Universe with two instrumental modes: the phc
using broadband filters to acquire image of the galaxies, the spectroscopic mode using grisms to ob
spectra in the Near-IR spectra region.

NISP instrument is made by a European consortium led by Centre National des Etudes Spatiales (C
includes laboratory and industries mainly from France, Germany, Italy and Spain. NISP will be fully ass
and aligned at Laboratoire d’Astrophysique de Marseille (LAM) in France. The Flight Model (FM) has
be tested under vacuum and thermal conditions in order to qualify the instrument in its operating env
and to perform the final acceptance and performance test before delivery to the payload. The test cam
regroup functional tests of the detectors and wheels, performance tests of the instrument, calibration |
validation and observations scenario test, all done at LAM during two test campaigns done before and
vibration test campaign. One of the main objectives of these test campaigns will be the measureme
focus position of NISP with respect to the EUCLID object plane.

To achieve these tests campaign, a global Ground Support Equipment (GSE) called the Verificatior
System (VGS) is in development at LAM to allow the performance test of NISP FM. The VGS is a com
of GSE, developed by LAM and its partners that will be used into the ERIOS chamber, a thermal
chamber designed to test space instrument in cryogenic-vacuum conditions. The VGS is made of i) a
simulator to simulate the EUCLID telescope and to inject light into NISP for optical performance tes
thermal environment to simulate the Euclid PayLoad Module (PLM) thermal interfaces, iii) a set of mec
interfaces to align and install all the parts into ERIOS, iv) the NISP Electrical GSE (EGSE) to con
instrument during the test and v) a Metrology Verification System (MVS) to measure the positions of N
the telescope simulator during the test. We present in this article the different main technical specific
the VGS and the main objectives of the NISP test campaign. Then we will describe the telescope simt
thermal GSE and the metrology mean. Current design and concepts chosen for the NISP test will be
particular the trade-off made for the design of the thermal and mechanical GSE and the foreseen con
for the test into ERIOS. We will discuss the main difficulties we are facing: design of thermal interf:
detectors at 80K with 4mK stability and the development of a metrology system using a laser tracker w
to measure the focus position within 150um in cold and in vacuum through a curved window.

Il. NISP TEST CAMPAIGN: OVERVIEW AND OBJECTIVES
A. NISP description

NISP instrument is at the beginning of phase D. The goal is to deliver the Flight Model (FM) to E¢
AIRBUS in 2018. Its design is well advanced and described in detailed in [2]. It is made of 3 main ass
the NI-OMA (Opto-Mechanical Assembly), composed of the mechanical support structure and the
elements, the filter and the grism wheels and the calibration unit; the Focal Plane Array (NI-FPA)
Sensor Chip System (NI-SCS) that compose the Detector System Assembly (NI-DS). It is made of 1
detectors and associated 16 ASICS (Sidecars), passively cooled at operating temperature (<100
detectors; 140K for the ASICS Sidecar). Thermal stabilization of the detector is "naturally" obtained tt
the very good thermal stability provided by the Euclid PLM at the NISP interfaces; the Warm Elec
Assembly (NI-WE), composed of the Instrument Data Processing Unit and Control Unit (NI-DPU/DCL
the Instrument Control Unit (NI-ICU).

A Structural and Thermal Model (STM) of NISP has been manufactured, and tests in 2016 at LAM |
STM has shown that the design of NISP instrument was compliant with the requirements in term of me
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and thermal response. The first TB/TV of NISP STM has been done in ERIOS chamber as shown in F
as explained in subsection Ill, parts of the Thermal Ground System Equipment (TGSE) used during

campaign will be re-used for the Flight Model test campaign.
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Fig. 1. Left: NISP instrument description. Middle: NISP STM in ERIOS chamber for the STM TB/TV

Right: zoom on the NISP thermal interfaces without MLI.

B. NISP test campaign objectives

NISP instrument will be tested at LAM in vacuum and cold conditions to mimic the behavior of the ins
during the observations with EUCLID. The goal of the thermal performance test will be to valid
performance of the instrument before delivery to the PLM. The main objectives of the test campaigns a

The verification of the performance requirements of the NISP instrument. In particular a !
balance will be performed to validate NISP thermal behavior and its thermal stability.
performance compliance in operational environment will be tested: detector noise (read-out a
at the coldest interface range, Point Spread Function (PSF) acquisition to measure encircled
NISP, full width half maximum of the images and image quality, limited plate scale measure
the center and the corner of the Field of View (FoV), rough estimation of the stray-light sensiti
check of the absence of ghosts;

The measurement of the object plane position of NISP with respect to NISP reference f
Operational Temperature (OT) to provide information for the alignment of NISP on the PLM,;

The verification of the functionality of NISP: observation scenario will be tested and val
including wheel, detector acquisition, data reduction and communication with spacecraft seque

The study for the calibration strategy of the instrument. The calibration scenario foreseen
tested, data from ground calibration will be acquired and the in-flight calibration procedure
verified through the acquisition of PSFs used for modeling of NISP PSF. The spectral dispersic
the grisms will be measured.

The NISP test campaign will take place in ERIOS chamber, already used to test NISP STM. It is re
develop a set of GSE called the Verification Ground System (VGS) to test NISP performance in ap
conditions.

NISP Verification Ground System (VGS)

The VGS is a mean developed by LAM and its partners to test NISP performance on ground fully des
[7]. The main objectives of the VGS are:

To provide a thermal environment compatible with the flight environment of NISP: interface
NISP Sidecar Support Structure (SSS) should be between 120K and 135K, interface of the N
Support Structure (CSS) between 80K and 95K and the NISP feet interface should be at 120K
In addition, the VGS shall provide a radiative thermal interface to select temperature in .
between 80K to 140K with a stability of +/- 2K during 1500s. Gradient of the conductive int
should be lower than +/-1K on the SSS, +/-0.5K for the CSS and +/-5K on NISP feet. Finally
should be cooled down from Room Temperature (RT) to OT assuming 10K/h max at cor
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interfaces. The CSS interface shall be kept at [B@§ warmer than the SSS and NISP first panel P1.
The CSS shall be cooled down after the other par@®T. This functionality is provided by NI-TMVS,
NISP Thermal and Mechanical Verification Systenis ithe thermal and mechanical environment to be
used for NISP thermal balance and verification athdhe thermal and mechanical interfaces needed
for the test and to stabilize NISP in temperatiités part of the VGS is developed by LAM;

e To provide a simulation of EUCLID telescope to tR$EP optical performance. The telescope should
illuminate the NISP pupil with at least a F/20 beanmd should provide object in the full NISP FoV
covering +/-0.5° of the sky. The source from thedeope should provide selectable monochromatic
wavelength in the band 0.4 to 2.1um, multi-linesctpum from 0.9 to 2um and continuum spectrum
from 0.9 to 2.02um. The flux of the source shouddalljustable to test a large range of flux of NISP.
The WaveFront Error (WFE) quality should be bettean 30nm rms over the FoV. The telescope
should not introduce unexpected stray light to NFR/. This functionality is provided by NI-VTS,
NISP Verification Telescope System: it is a telggeimulator of EUCLID telescope that injects light
into NISP for optical and performance tests. TheVNIE is developed by a Danish consortium
between DTU space and Dark Cosmology Centre;

e To provide a way to measure the reference coomlisiggtem defined by laser tracker reflectors put on
NISP instrument and the telescope simulator towalém accurate metrology through the vacuum
chamber. This functionality is provided by NI-MVSISP Metrology Verification System: it is a set of
metrology tools used to measure the positions aettations of the components during the test é th
vacuum chamber. It is developed by LAM and a detbpresentation of the concept can be found in

[4].

In addition, the NI-WEVS, NISP Warm Electronic Maration System is developed to control the insteain
during the test on ground. This set of GSE is ptediby an Italian consortium. A complete descriptid the
EGSE is provided in [5] and in [6].

All the parts of the VGS will be installed into ER$ chamber, which is a large (the size of the epeeis 4
meters in diameter by 6 meters long) vacuum spaoelation chamber. ERIOS combines vacuum and
temperature close to -200°C and provide a highilgtalof the environment. A specific test configticn,
shown in Fig. 2, is designed to design and orgathiealifferent GSE needed for NISP performance &SP

will be installed on the center of ERIOS chamberadmaseplate used as a thermal interface betwe®R Aihd

the environment in ERIOS. The NI-VTS is set in traf NISP to inject light into the science detestdo
characterize NISP performance. The NI-MVS is indsthloutside ERIOS on the entrance door to measure
position through a window and to keep the metrologgans warm. Several interfaces and mechanicatstes

are needed and shown in Fig. 2 into ERIOS. We mepow to describe in detailed the NI-VTS, the NMMS

and the NI-MVS to provide an overview of the conxthe of this GSE.

NI-MVS (laser
tracker & NI-DS thermal TMVS parts (2™
theodolite) environment tank)

NISP WE
environment

Laser tracker NI-TS (covered NISP interface
beam sight with MLI) with ERIOS

Fig. 2. View of the VGS into ERIOS chamber. The differpatts are shown.

A. The NI-TS: the telescope simulator of EUCLID tebgscfor NISP test
Proc. of SPIE Vol. 10562 1056238-4
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One the main important component of the VGS isNihdS (NISP Telescope Simulator) that simulates the
F/20 EUCLID telescope beam. It is made of an edigitmirror positioned on translation and rotatgtages that
allow the telescope to move in five degrees ofdoee to illuminate the entire NISP Field of View {Fo The
main goal of the NI-TS is to provide a stable fodiatance to NISP to allow the measurement of tigétion of
NISP object plane. To achieve this goal, the NIig 8esigned with a stable thermal environment donéhe
thermal flexures made with a low conductivity matkbetween the telescope itself and the motorrakketo
provide a thermal isolation between the 2 itemss T one of the main challenges for the NI-TS glesis the
different parts of the NI-TS operate at differeemperatures and in a warmer environment than NT3e.
Active Telescope Support unit (ATS) moves the Tadee Simulator (TS), around to illuminate the NISP
FoV. The ATS is an assembly of 5 motors with adamgpving range to commit with NISP need and tovako
scanning of the focus to find NISP best: 3 linead & rotational high precision stages with rematetiolled
motor and absolute encoder to provide positiorhefunit. These stages are vacuum compatible bkingpat
293K. They ATS will be covered by MLI blanket to Bept warm and to avoid being cooled down by the
cooling shrouds. The ATS is directly in interfacehnERIOS bench thanks to 3 shims under the lasistation
stage baseplate. The TS is made of an off-axiptieil mirror assembled to a baseplate thanks taalp
contact. On the same baseplate, a pinhole is fie¢ &@ntrance focus to provide an interface forstharce. It is a
single surface optical design which provides anbstraicted system. The design of the TS is to pewaidirst
focal point at 500mm while the distance from therari vertex to the second focal point should be(B0o.
The whole TS assembly is made of Silica to ensugea stability of the focal distance of the tetgse and
will operate at 170K to limit impact of the tempeena on the stability of the focal distance. Thiegeope is
illuminated through a 2um diameter pinhole plagedhe primary focus and provides uniform illumiatiof
the 160mm diameter aperture. The focus of thedefss should be known with a precision better thapr2 at
operational temperature meaning that the distaroce the pinhole to the mirror should be stable imith5um.

It is also needed to measure the focal distanceh@fTS at ambient temperature thanks to a Coomlinat
Measurement Machine (CMM) with high precision taoknprecisely the focus position with respect tceetas
tracker targets set on the back surface of thedefee. The TS is designed to provide a WFE lowen 80nm
rms over the 160mm diameter aperture to ensurend goage quality on NISP during the performance t&s
view of the telescope design is shown in Fig. 3order to minimize stray light during NISP teste tlelescope
will be surrounded by a baffle made of several gane

Telescope Simulator (TS) (NBI)

Active Telescope Support (ATS) (DTU Space)

Glas Fiber Reinforced Plastic (GFRP) flexures

TS 01.0001) S

TS 01.00.03)

51626
58000

Fig. 3. Left: the NI-TS without MLI showing the motor asglely and the telescope in its baffle, right: the
optical layout othe telescope

The illumination system used for the NI-TS is marfea fiber connected at the entrance focus and of a
monochromator that is fed from a continuum lasers®. The output from the monochromator is deligdmea
cryogenic fiber through a pair of vacuum windowsriterface with ERIOS chamber. A cooled Neutral Sign
(ND) filter suppresses the thermal background. flinecan be adjusted in large steps via ND filtersunted in

a filter wheel also serving as order-sorter forghating based monochromator, The flux can be fiimed using

a variable rotating ND filter. A spectral lamp aad etalon are available for wavelength calibratdod can be
selected using linear motions. The NI-TS will bevpded with a Telescope Control Computer (TCC)datml

the motors position, the light illumination andensity.
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B. Thermal and mechanical ground support equipment

The Thermal and Mechanical Ground Support Equipment also called TMVS provides thermal and me
interfaces for NISP needed for the performance test. It should simulate the PLM thermal environm
radiative thermal environment consists of ERIOS liquid nitrogen shrouds. To avoid 300K background
from the optical windows needed for the metrology measurement (see subsection III-C) a cold baffle
between LN2 shrouds and the windows. In addition, a shutter activated from outside by a ferrofl
through is placed between this baffle and the windows to cut light coming from the windows wi
metrology is not used during performance test of NISP detectors. The TMVS has also to provide cc
interfaces for NI-OMA, the Warm Electronic (WE) and for the intermediate harness as described in Tak

Table 1. Thermal Test case for NIOMA

Case NI-CSS NI-SSS Feet Comments
80K +/-2K 120K +/-2K 120K +7/-
Temperature 2K .
The case is the
detector related
cOT1 . 4mK/1210s 0.2K/1210s 0.8K/1210s
Stability 0.8K/month 0.8K/month 0.8K/month performance test
Gradient +/-0.5K /1K +/-5K case
Heat load 2.3W 4w ow
90K +/-2K 130K +/-2K 130K +/-
Temperature 7K This case is the
optical
cOT2 Stability 20mK/1210s 0.2K/1210s 0.8K/1210s perfqrmance
0.8K/month 0.8K/month 0.8K/month stability and
Gradient +/-0.5K +/-1K +/-5K Thermal balance
Heat load 2.3W 4w ow
95K +/-2K 135K +/-2K 135K +/-
Temperature 7K This case is the
optical
cOT3 Stability 20mK/1210s 0.2K/1210s 0.8K/1210s perfqrmance
0.8K/month 0.8K/month 0.8K/month stability and
Gradient +/-0.5K +/-1K +/-5K Thermal balance
Heat load 2.3W 4w ow

To meet these requirements, the TMVS is composed of four different parts:

e The cold plate in aluminium, linked to a liquid nitrogen tank placed under these table. This pa
thermal environment has been used for the NISP STM Thermal Balance Test. In th
configuration, it was used as mechanical and thermal interface for NIOMA, NI-CSS thermal int
and NI-SSS thermal interfaces. The temperature of the plate is 90K and the STM tests have
stability of 2.3mK over 1000s (NISP exposure time) which was well within the stability require
1 shows the STM cold plate into ERIOS before NISP integration;

¢ The NISP Thermal Frame (NI-TF), a frame in Invar, is the mechanical interface with NISP
guarantee mechanical interfaces for NISP. The frame is installed on the cold plate by an
mount and is thermally linked to the plate by cold braids. To control the temperature (betwee
and 135K) the frame is equipped with heaters uniformly distributed on the bottom side;

e The NI-CSS thermal interface shown in Fig. 4 is composed of four copper braids directly linke
annular liquid nitrogen tank in order to ensure a cold case at 80K. Warmer temperatures anc
are ensured by heaters at the end of the braids controlled by a Lakeshore PID controller. The
is supported by the aluminium cold plate;

¢ The NI-SSS shown in Fig. 4 is composed of brackets supported by the cold plate but insulate
and controlled in temperature. Four thermal braids are linked between brackets and NI-SSS.
SSS thermal interface shall also provide connector bracket at 130K for SCE connectors.

To allow reaching the good temperature, a liquid nitrogen loop has been designed to fill the tanks unde
plate and behind NISP detectors assembly. The principle is shown Fig. 5. A supply tank is position
upper part of ERIOS. This tank permits to have autonomy of 30 hours between two fillings. It also pe
manage the cooling down phase in order to keep detectors warmer than the rest of the instrument. In .
NIOMA, the TMVS has to provide conductive thermal interfaces for the harness and the warm electrc
harness thermal unit is a stainless steel plate, where the NISP intermediate harness is fixed, with a te
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gradient between operational temperature (130K) to room temperature. The cold part of the unit is |
thermal braids to the NIOMA cold plate and the warm part is regulated by heaters. The warm electroni
enclosure provides thermal interfaces for DPU and ICU electronic boxes between 253K and 303K. The
plate is an aluminum plate thermally regulated by a heat transfer fluid circulation. The fluid temper
adjusted by a thermostated bath (Bain Lauda) outside the chamber. To avoid molecular contaminatior
DPU and NI-ICU, a cold trap will be implemented in front of an aperture in the cover of the enclosure.

CSS
thermal IT
Connector
bracket
: Vi SSS thermal
LN2 T4 - IT

Fig. 4: NI-CSS (left) and NI-SSS (right)Thermal interfaces

LN2 upper
Annular LN2 tank
tank |
L4
SSS Thermal L3 ‘
interface |
[ | L2
= L1

. Levell | Tomanage gradient between CSS IF
‘ and SSS IF during cool down
_—_ Level2 | Tomanage CSS IF cool-down rate
‘ G Level3 | Regulationbetween L3 and L4 during
\ - operations
Level 4
\ ERIOS IF
- = wm|ed =
LN2 Tan

NISP Cold Plate
Thermal
Frame ERIOS ‘

Fig. 5: TGSE LN2 loop
C. The NI-MVS: Metrology Verification System

In addition to the classical ground support equipment, it is needed to develop a Metrology Verification
(MVS) to provide at operational temperature the measurement of references frames set on the
simulator and NISP, the knowledge of the coordinates of the object point source provided by the 1
simulator and the measurement of the angle between the telescope simulator optical axis and NISP o
The MVS concept is based on the usdwad devices put outside ERIOS chamber: a laser tracker, whic
portable coordinate measuring machine provided by Leica that allows extreme accuracy over large
The measurement with the laser tracker will be done through a window seeing the reflectors into ER
current configuration foreseen is to use a curved window. More details on the laser tracker configuratic
found in [4]; a theodolite, which is a portable angle measuring system, to measure accurate angle be
mirrors, one put on NISP and one on the NI-TS.

The principle of the measurement of the laser tracker is the measurement of the position of refle
respectively on the NI-TS and on NISP instrument. The goal of this measurement is to deliver the pc
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NISP reference frame Rvith respect to NISP object plangikat Operational Temperature (OT) (i.e. 130K)
with accuracy within +/-150um to Airbus, the respible of EUCLID PLM, which will align NISP on the
EUCLID payload thanks to this information. To prdeithis information, a sequence of measuremeredsded

at NISP instrument level:

- Measurement at room temperature with a CoordiMeasurement Machine (CMM) of the framg WRith
respect to the laser tracker reference frameRRis a reference frame set at NISP interface withRhM i.e.
NISP feet. Ris defined by a set of laser tracker reflectostatbed on NISP entrance panel P1.

- Measurement at OT with the MVS of; Rvith respect to Ry, The main difficulty is that R, cannot be
measured directly as it represents the NISP obpjecte. To be able to provide this information, Ti#® and the
VFP are used. The focus point of the TS will theovrle the knowledge of B, through the measurement of a
reference frame Rmade of a set of laser tracker reflectors ingdatla the TS. The knowledge of the transfer
matrix between Rts and Rnisp is obtained thanks teeasurement of the TS best focus on the VFP anhOT
ERIOS using the MVS. Then during NISP TB/TV, thansfer matrix betweenfand R is measured with the
MVS and allows to obtain the relationship between tRus R, and R, that is delivered to Airbus. Fig. 6
represents a scheme of the measurement philosopihyhe MVS.

The metrology done during the NISP test campaigh bé particularly important as it will provide the
knowledge of the position of the NISP focal planghwespect to the telescope simulator. From these
measurements, the real NISP focus will be knowre fieodolite measurement will be used to moniter th
angular position of the TS will respect to NISPhagiccuracy giving the FoV position seen on NISRdets.

Rts = M, RIt

Rnisp = M, Rts

Rt =M; Ru

= Rnisp =M, M; M3 Ru
= =M, M;RIt

Fig. 6. Schematic of the measurement to be done withi¥i8. The frames to be measured are shown

The concept and the feasibility study of the MV8 flly described in [4]. The laser tracker and tineodolite

will be placed out of ERIOS chamber and will do theasurement through a window. One has to take into
account the measurement errors introduced by thesgin the laser tracker measurement. A mechanical
interface will allow the positioning of the bothraponents on ERIOS chamber door to measured reftesat
inside ERIOS. Fig. 7 provides a view of the MVS fioe NISP performance test. The beam sights anerstm
validate the position of the test set-up (NISP @8y and the laser tracker into ERIOS.

= Laser tracker
Metrology assembly reflectors on

outside erios chamber NISP panel
- Laser tracker with its

curved window Laser tracker
- Theodolite beam sights

Fig. 7. Zoom on the metrology system. Outside eriosdler tracker and the theodolite, inside ERIOS, the
reflectors and mirrors.

Proc. of SPIE Vol. 10562 1056238-8



ICSO 2016 Biarritz, France
International Conference on Space Optics 18 - 21 October 2016

V. CONCLUSION

We have presented in this article a complete datsmni of the VGS, a ground support equipment degyedoat
LAM to test NISP instrument at vacuum and cold. &S will be used during the performance test cdgipa
of NISP to validate the main functionality of thesirument and its main performance in photometrid a
spectroscopic modes. The VGS is under developnoebe tready for NISP test campaign by end of 20b7. T
reach this challenging goal, different developnmrses are foreseen. The TS is already being nwardd to
be delivered to LAM for Fall 2017. In parallel tAd'S will be tested with a simulated mass of thet®d $hake
sure that the components will be ready in timeadidition, a dedicated acceptance test of the noglyois
foreseen by beginning of 2017 to demonstrate tifoppeance and the accuracy reached by the laseketran
NISP test configuration. Then the TMVS will be tbttogether with the telescope simulator to vatidhe
thermal behaviour of the VGS.
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