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GREAT: Situation pre 4GREAT (2016)

Instrument Channel Frequencies Lines of Interest Remark Cooling
Low Frequency : L1 1252 -1520 [NI], CO series, OD,HCN,H,D" | Single Pixel | Wet (LHe)
Low Frequency : L2 1810 - 1910 NH3;,OH,CO(16-15),[ClI] Single Pixel [ Wet (LHe)
GREAT (a) 2490 - 2520
Mid-Frequency : M OH(2n3/2),HD Single Pixel [ Wet (LHe)
(b) 2670 - 2680
High-Frequency : H 4744 [Ol] Single Pixel [ Wet (LHe)
1810 - 1950 i
Low Frequency Array : LFA OH lines, [CII],CO series, [Ol] 7 x 2 Pixels Cryo-Cooler
upGREAT 1830 - 2070 (2 Pol)
High Frequency Array : HFA 4744 [Ol] 7 Pixels Cryo-Cooler
Right side
GREAT upGREAT
B | A Very flexible: o
/ cryostat combinations
yes o
GREAT | 2
s
UpGREAT | —
4
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GREAT: Situation pre 4GREAT (2016)

upGREAT LFA (Pol-1 | Pol-2)
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GREAT: Modules and Sub-modules (HW)

Cryostats with detectors
* Arrays (2) — Closed Cycle Coolers
* Single Pixel (4) — Cryo-Liquids cooled
Local Oscillator sources (+1 per cryostat)
* Solid State (6)
« QCL(1)
Optics Plates (+1 per cryostat)
Bias Electronics (Com. 21 channels)
|F Processor (Com. 21ch)
FET Spectrometer (Com. 21ch)
Calibration Unit
De-rotator / Control
References / Controllers / Supplies
Computers

Cryostat
Pos #2

LO Pos. #1
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GREAT: Situation pre 4GREAT (2016)
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Atmospheric Transmission 10um

A4GREAT: frequency bands
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Atmospheric transmission for SOFIA, at 43.000 feet and a PWV of 10 um. Some of the observable lines by

AGREAT are included. The different channels are highlighted by different colors
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AGREAT in a glimpse
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Sl electronics rack
Counterweight rack

|F Processor
[FX
%4
FFTS4G

Support electronics

BIAS Modules

(*) Local Oscillator beam path not

included in diagram
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New GREAT scenario with 4GREAT

Inst ¢ lc tat Frequencies i fInt ' IF (BW) R K
nstrumen ryosta (GH2) ines of Interes GHz emar
1810 - 1950 0.5-35
LFA OH lines, [CII],CO series, [Ol]
upGREAT 1830 - 2070 0.5-3.5
HFA 4745 [Ol] 0.5-35
490-635 [Cl], CH, NH3, CO 4 -8 HIFI -1 (FS) - LERMA
AGREAT 4G 890-1100 CO Series, CS 4-8 HIFI -4 (FS) - SRON
1200-1500 [NII], CO series, OD,HCN,H,D" | 0.5-3.5 L1 - KOSMA
2480-2700 OH(2n3/2),HD 0.5-35 M-HD - KOSMA

Only 2 combinations (from 7) « HFA + LFA
but with more capabilities e« HFA + 4G
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4GREAT: Design Challenges and constraints

* Optics
« 4 Different "frequency bands” simultaneously
« Frequency separation = Dichroic / Grids
« Telescope Taper / Coupling = 14dB / 5w
+ Optics for Signal + Optics for Los 2 New LO “cavity”
* 4G4 LO very low power = Diplexer

« Cooling
*  Mixer CH1, very temperature sensitive = Clamping the mixer horn
* Closed cycle coolers = Two compressors (same as LFA+HFA)

« Size
* Limited space.
» Allocating 4 Solid state Local Oscillators > LO-U + LO-D
* Beams and effective apertures. 2 4G1, 4G2

« Weight Constraints
*  Maximum Weight — 600 Kg. (including mounting frame) - OK,

* Simultaneous Operation

* 4 LO tunable independently at same time (parallel operation) = 4 Synthesizers / Attenuators
+ Bias Cards (2xSIS)
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4GREAT: How does it look like?

4G “"Sub Modules”

¢ LO-U (LO 4G-1 + 4G-2)
« LO-D (LO 4G-3 + 4G-4)
* 4G Optics Plate

4G Cryostat (c.c. cooler) i 1=k
: lﬁl

7
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AGREAT: Optics

« 2 Gaussian telescopes: M4-M3 + M2-M1

. L = Q@

o e 55 & 3
T 33 o x o~ 2E £ & - o « Cold Optics: M1+ F1+ MO, as a block + Mixer.
= - = =28 = x 3= = :
| . | / | . | iD‘G@ .+ Wiregrid (Beam splitting) — Dichroic — Wiregrid
F o~ /7 1 . Il » | (Lo Combiner

H Detector |
SorHEE T« M4 and Wiregrid 1 common to all channels

CH1.492 - 635 GHz

Vertical Pol I Dichroic fc = 1.1
THz. Ang 35°

Beam
f N CH3. 1200 - 1500 GHz

Seam (Didsie —> Wire Grid Splitter

Horizontal Pol ' Dichroicfc = 1.8
Beam THz, Ang 26°

fc = 3.6 TH2)
& / CH2. 892 - 1100 GHz

CH4. 2500 - 2700 GHz
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AGREAT: Cold Optics and Cryostat

| A0
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4GREAT: Mixers — SIS: CH1 and CH2

QMO0 tests at 2K and 4K

250 +

| @ 2K
3 CH1 - HIFI 1 : Developed by 42K
o LERMA for Herschel HIFI 200 + -
3
w 150 1 " an C -
I g
X ° -
E 100 1 ® °
[l o ° ‘.
sodo-______ ¢ 7. s |
0 ‘ : :
450 500 550 600 650

F_LO (GHz)

Channel 1 - Noise temperature for QM00 at 2K and 4.2K. Data
provided by LERMA

Band Technology |[I-Rec (DSB)| Manutacturer Remark
CH1 SIS 120 LERMA HIFT-1
CH2 SIS 350 SRON HIFI-4

L -

CH2 - HIFI 4 (special version) — Developed by SRON for Herschel HIFI
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AGREAT: Mixers — HEB: CH3 and CH4

GREAT L1 i ,
e

&7

-

GREAT M
§ :

P = -~
Band Technology | T-Rec (DSB) Manutacturer Remark
CH3 HEB (NbTiN) 1100 KOSMA GREAT L1
CH4 HEB (NbN) 1700 KOSMA GREAT M-HD
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4GREAT: Optics Plate

i M4
D24
.
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4GREAT Local Oscillator : LO

m IMW

19
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4GREAT Local Oscillator : LOU

AMC 563 Performance

e PRATLA

%zzz T M A [N ¥ \\ * Located on the 24 CALUNIT position.

8 o I NA VAT TN Niv4

RS VATRAVE S /V\\ Tf : «  Optics for LO signal coupling

° - ] « CH1: Parabolic Mirror + 2 Gaussian Telescopes
. . « CH2: Parabolic Mirror + 2 Gaussian Telescopes

Frequency (GHz)

* 2 independent Solid State LO chains (Virginia Diodes)

AMC 581 Output Power Versus Frequency . CH1. AMC563 — [495 to 628 GHz] @ 200 uW.
o N\WW +  CH2. AMC581 - [890 to 1085 GHz] @ 150 uW.
= \,
2 e ln AR
% 200 L Y ‘
o A
100 L

850 870 890 910 930 950 970 990 1010 1030 1050 1070 1090 1110
Frequency (GHz)
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4G REAT Local Osullator LOD
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4GREAT: Local Oscillator Il (LOD)

Power (uW)

AMC 627 Performance
511: . «  Optics for LO signal coupling
g mﬁ f‘\ A A e CH3: 1 Parabolic. + 1 GT + 1 Active mirror
€ ¥ v AV « CH4: Parabolic Mirror + 2 Gaussian Telescopes
g 40
20 ¥ v * 2 independent Solid State LO chains (Virginia Diodes)
= - CH3. AMC627 — [1240 to 1525 GHz] @ 30 uW *
e CH4. AMC616 —[2490 to 2685 GHz] @ 2.5 uW.
y VDIAMC 616 « Power supplies for 4 x LO chains
50 4 « CH3, CH4 - same compartment
40 1 JA[ \ .‘r‘\vﬁv\\r\ {{1\\ « CH1, CH2-LOU
3.0 \ ) VA v
2.0 ==4==AMC 616 Performance \ /
1.0 =2 .64 THz Water Absorption Line
0.0 | | | | |

2.47 2.49 2.51 2.53 2.55 2.57 2.59 2.61 2.63 2.65 2.67 2.69
Frequency (THz)
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GREAT: Modules and Sub-modules with 4G

Cryostats with detectors (All Closed cycle)
« UupGREAT LFA (7+7 pixels) and upGREAT HFA (7 pixels)
« 4GREAT (1+1+1+1 pixels)

Local Oscillator sources
 Solid State: LFA (1+1), 4G-LOU(1+1), 4G-LOD(1+1)
« QCL: HFA

Optics Plates (1 per cryostat)

Bias Electronics (Common : 21channels)

IF Processor (Common: 21 + 3 channels)

FFT Spectrometer (Common: 22 + 3 channels)

Calibration Unit

De-rotator / Control

References / Controllers / Supplies

Computers
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AGREAT : General Specs - Summar

Channel CH1 CH2 CH3 CH4
RF Bandwidth [GHZ] 492 - 630 892 - 1100 1200-1500 2490 - 2700
IF Bandwidth [GHz] 4-8 4-8 0.5-35 0.5-35
SIS SIS HEB HEB
Mixer Herschel HIFI - 1 Herschel HIFI - 4 GREAT -L1 (KOSMA) GREAT - M-HD
(LERMA) (SRON) (KOSMA)
. LNF-LNC4_8C (LNF) |LNF-LNC4_8C (LNF) CITLF4 (CMT) CITLF4 (CMT)
Amplifiers (LNA /
Warm Amp) AFS3-00100800 AFS3-00100800 AFS3-00100800 AFS3-00100800
(Miteq) (Miteq) (Miteq) (Miteq)
S.S.Chain S.S. Chain S.S. Chain S.S. Chain
Local Oscillator AMC563@LO-U AMC581@LO-U AMC627@LO-D AMC616@LO-D
(200uW) (150uW) (30uw) (2.5 uW)
LO Coupling Wiregrid Splitter Wiregrid Splitter Wiregrid Splitter Diplexer
Common optic plate [Common optic plate [Common optic plate[Common optic plate
Optics + Mixer block optics | + Mixer block optics [+ Mixer block optics |+ Mixer block optics
+ LOU Optics + LOU Optics + LOD Optics + LOD Optics
TRec (DSB) 120 350 1100 1700
IF Processor IFX x 1. High Order [ IFX x 1. High Order [ IFX x 1. High Order | IFX x 1. High Order
BPF 4-8 GHz BPF 4-8 GHz BPF 0-4 GHz BPF 0-4 GHz
Backend FRTSAG. Nyquist | FRTSAG. Nyquist | yeereas o qeh | dFFTS4G x 1ch
Band 4-8 Band 4-8
Taper (dB) 11.86 - 16.54 12.25-16.09 13.29-14.78 14.35-13.68
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AGREAT: status.

W WA WV AT SNSRI e N/ e T VAT S s YN

-3 channels of 4G were commlssmned 4G 1,4G-2 and 4G 4. — NZ‘ July 2017
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Preparation for first light (and every tlight)

- ~ Determination of optimum operational
- ! point for each requested frequency /
project.

« Avoid telluric line and atmosphere
features (IF, Sideband)

* LO Tuning / Mixers Biasing /
Subsystems optimization.

* Best Trec.

« Performed for every “channel”

Hardware and Software Maintenance.

« Pumping / Cryo-service (If L2 installed)

« Check for health of every channel
(before flight)

26
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1

GREAT pixel mapping: HFA + LFA

4000

.

-

| System sees 2i(3) GReceivers” simultaneously
; | 2 LFA
e tune up 1 uencies + QCL per “Leg”
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GREAT pixel mapping: HFA+4G

4000

K
o X

-

 System sees S Regeivers” simultaneously

S > -~

e tune up 4 L sncies + QCL per "Leg”
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Some of the science with GREAT (HFA, LFA, 4QG)

Channel Detector Frequency -Goal [GHz] Lines of Interest
4G-1 HIFI Band 1 492 - 635 [CI], CH, NH;, CO’™*
4G-2  HIFI Band 4 892 - 1100 co*’, co’® cs'
4G-3 GREAT L1 1200 - 1500 NH, NII, cO"'~"° Bco® "% H,D+
4G-4  GREAT M-HD 2500 - 2700 OH, HD
Chemistry of the ISM = Phases. [Cl] My, 21, 2
(LFA) - = £o2
™) F=2
F=1
Ground state transitions of light . ‘.
. . RN N, B
hydrides : OH, HF, HD, CH - Profile r % b | [
. .U}) N &, ¥ <
abundances of H2. (LFA, HFA) -y © £23 %:’*\ %, %
i £z =% S FId
Oxygen tracing Ol (HFA) o 2 = !
e\"@,{’o"’% M eo"o ooo’%r
. . }'\& %\ ) \1229 ‘9'/'\2\ )
High J lines of CO. = Turbulent %, "%
. . . . s (+) -
Dissipation Regions, shock layers, =/ Fot
etc. (LFA, 4QG) = £22
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Same source with 4G-1, 4G-2, LFA, HFA 2 H,

536800 536700 536600 4,745 10° 4,744 10° 4,743 10°

4G CH @537 GHz| | HFA-Cpx Ol @4.7 THz |

I e e [ S A S S S HN S S S H S S S |

=150 —-100 =50 0] 150 —100 =50 0 50
Velocity (km/s) Velocity (km/s)

7z 106 A798 108 a796 1
2.007 10° 2.0065 10° 2.006 10° 1.075 10 ores 1o ' Lorze 1o

T
T T T T T T T T T T T

'I

h :
| ] ' Lll L | l' Hf liﬂﬂ ) ikl | ol L
:_ ~ #[%H h#‘l l&f IV tl “f {‘ HI] ”.'J \ J\J[ ﬁ HLH}‘“W 4”11:‘#-%[,%\‘ﬂmﬁwﬁlﬁ; r”vl]ﬁlm"
| 1| |

| |

B ] ,[
CH@2THz! = 462 | H,S@1.07 THe
- LFA H Pol C-px j f
—150 —100 s o = 10 —100
Velocity (km/s) Velocity (km/s)
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GREAT 2018+ : Summary

* 4G to be fully operational by June 2018

* “"Only 2" closed cycle cryostat combinations
« HFA + LFA
« HFA + 4G

* More capabilities per flight.
« HFA: Array (7) at 4.7 THz
* LFA: Dual Array (7+7) at 2 THz
« 4@G: Single Pixel 500 GHz, 1THz, 1.4THz, 2.7THz

upGREAT LFA 1.81 -2.07 THz (14 pixels) OH lines, [CII],CO series, [Ol]
upGREAT HFA 4.7 THz (7 pixels) [Ol]
490-635 GHz [CI], CH, NH3, CO
892-1100 GHz CO Series, CS
4GREAT 1200-1500 GHz [NII], CO series, OD,HCN,H,D"
2490-2700 GHz OH(2n3/2),HD
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™
GREAT with 4G back on

SOFIA tor May / June 2018 ﬂlght series. 1

THANKS
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