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Outline

 Overview of laxo structure
* Inaf Expertise on Telescopes
* Few comments



General Thoughts

* All Information extrapolate from «Letter of Intent to the CERN SPSC
The International Axion Observatory IAXO, 7/08/2013

* Reading from external point of view:
* Not a Scientist
* Not an expert in the Axions related instrumentation
* Ground/space based optical to infrared telescope
* Astronomical spectrographs



Proposed layout




Summary of carachteristics

Cryostat dimensions: Overall length
Outer diameter

Cryostat volume

Toroid size: Inner radius, R;,
Outer radius, R,y

Inner axial length

Outer axial length

Mass: Conductor
Cold Mass
Cryostat
Total assembly
Heat Load: at4.5 K

at 60-80 K

25
5.2
~ 530
1.05
2.05
21.0
21.8
65
130
35
~ 250

~150
~1.6

5 333 3.3 8

tons
tons
tons
tons

\\
kW



Cold Mass

Keystone Plate

Keystone Box

Central
Cylinder

Coil
Casing

Bores

Coil

Thermal
Shield

Vessel

Max deflection
5mm

Stress limit 50MPa
4.5K operation T
130T approx mass

AI5083



Cryostat

Keystone Plate

Keystone Box

Central
Cylinder

Coil
Casing

Bores

Coil

Thermal
Shield

Vessel

Atmospheric
pressure
Gravitational loads

Rigid central part
Two large cylinder
Two Klopper
plates

G10 feet thermally
connected to
Shield

Cooling of
keystone for
magnetic stability

Mechanical stop
to unload
gravitational loads



Overall view
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Movement

Elevation +- 25°
Azimuth 360°
«Typical» Alt-
Azimuth mounting
Balncing over the
azimut pivot

Azimut with two
open rails (C-rings)
6.5m height main
tower

Hydraulic bearing
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Compressor and gas
l management

360° rotation
flexibility

{ thermal shield cooling '—I

+25° inclination
I flexibility
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gantry stationary

Telescope cryostat

4.5K operative temperature
Continuous fluid of helium
liquid (subcooled @
supercritical pressure)

Heat load on magnet 150W +
1.6W

Target is to limit AT below 0.1K
Magnet Cooling flow 23g/s
@300KPa @ 4.3K

Thermal shield flow 16g/s @ 16
bar @ 40-80K

Current leads 1.2 bar @ 20K



Inaf expertise

* Large telescopes
e Structural analysis
* Motion techniques
* Pointing models

e Thermal and Vacuum
e VVacuum Vessels
* Cryogenic environments

* Optomechanical AIV/AIT



Telescope Design: Finite Element Model

«23268 elements
«23318 nodes

3 Rigid element pinned
4 rigid element +

mass for optomech
.Loading along X,Y,Z




Telescope Design: Raytracing model

e Raytracing model:

3| Coordinat.. = 0.000 -263.328 0.000 0.000 0.000
4| Coordinat.. cob_a_l_MRI = 0.000 0.000 0.000 0.000 0.000
S Standard Tz_al MRI
6% Standard Ml_MRI MIRRCR
7 Standard Tz_bl MRI
8| Coordinat.. cob_bl_MRI = 0.000| P 0.000 0.000| P 0.000 0.000| P
9 Standard Shift_l_MRI
L — | ‘
,;/:57,;,
17| Coordinat. . def—aicorr 0.000 - 0.000 0.000 0.000 0.000 0.000
18 Standard tz-a-corr Infinity .000
19 Standard 1lla Infinity 2ot S5-BSL7
20 Standard 11b -1059.367 10.000
21 Standard 12a 392.794 10.000 S5-BSL7
22 Standard 12b 274.948 0.000
23 Standard Infinity 0.000
24 Standard Infinity -10.000| P
25 Standard Infinity -10.000| P
26 Standard Infinity -21.855|P
27 Standard tz-b-cor Infinity 0.000(P
28| Coordinat.. def-b-cor 0.000 - 0.000 0.000| P 0.000( P 0.000| P 0.000( P
29 Standard Infinity 21.855|P
30 Standard Infinity 10.000
31 Standard Infinity 10.000




Telescope Design: Integrated analysis

Matlab

Zemax Nastran

* Matlab (server): inputs the client codes, evaluates outputs.

* MSC-Nastran (FEA-client) : gets mechanical models, computes mechanical
results

& ABAQUS (FEA-client) for user defined contitutive laws.

» Zemax (Raytracing-client): gets optical perturbations, evaluates system
optical performance



NTT/TNG (89-98)

* Primary mirror 3.6m
* Pointing accuracy 1.5”
* Tracking accuracy 0.1”
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BT (05)

* @ Support Spacing: 2 "C" rings on 10 meter centers
e Pier Diameter: 13 meters for azimuth track
e Telescope Height: ~ 25 meters at elevation axis (30 m above bedrock)
e Building Height: ~ 40 meters at roofline
e Support of Telescope: hydrostatic pads
e Drive Mechanism: gear and pinion
e Telescope and Drive Stiffness Goal: locked rotor frequency > 8 Hz
e Vibration Specification: < 0.025 m amplitude above 8 Hz
® Telescope Mass: approximately 580 tons
e Maximum Angular Speed: 1.5 degrees/second
e Short Term Tracking Specification: 0.03 arcsecond rms motion (5 seconds)
® Whole Sky Pointing Specification: 0.3 arcsecond rms
e Wind Speed for Pointing and Tracking Specs: 24 km/hr
e Maximum Operating Wind Speed: 80 km/hr
e Survival Wind Speed (closed): 225 km/hr




Espresso

* Vacuum Vessel (3m x 2m)
* Thermal Stability of 0.01K
* Overall Mass 8Ton



Glano

e 2x1.5m Vessel
e 77K with 11W




CTA-Astri

* Mass 23 Ton
* Primary mirror 4m
* Overall height ~8m




EELT

The Main Structure is about 2500 .
: Alitude
tons of steel moving 700tons of
opto-mechanics and electronics Structure
around two perpendicular axes
(azimuth and altitude) supported
on hydrostatic bearings and
driven by electrical direct drive
motors with a precision of 0.3
arcsec under the maximum wind
disturbance. 71 m width

Azimuth / "

Structure
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65 m height
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Question Marks

* Magnetic influence onto the driving system?
* Other Materials (CFRP)?

* Thermal and gravitational distortion?

* Pointing? Tracking?

* Field derotation?

* Pointing model



