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Purpose for cameras in general
● Monitor “High Voltage Systems” 

– “HVS” = field cage, cathode planes, feedthroughs, grounds
– “verify the stability, straightness, and alignment of the hanging TPC 

structures during cooldown and filling” and “ensure that no bubbling occurs 
near the GPs (SP) or CRPs (DP)”  [from TDR]

● Inspect detector components
– “inspect the state of movable parts in the detector module (calibration 

devices, dynamic thermometers)” and “closely inspect parts of the TPC after 
any seismic activity or other unanticipated event”  [from TDR]
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Detailed purpose of inspection cameras
(from TDR, annotations and emphasis added)
“... intended to be as versatile as possible …. likely uses:
• “status of HV feedthrough and cup,
• “status of FC profiles, endcaps (0.5 mm resolution),
• “y-axis deployment of calibration sources,
• “status of thermometers, especially dynamic thermometers,
• “HV discharge, corona, or streamers on HV feedthrough, cup, or FC,
• “straightness and alignment of APA/CRP, CPA/cathode, and FC (1 mm resol.)
• “gaps between CPA frames (1 mm resol.),
 • “relative position of profiles and endcaps (0.5 mm resol.), and
 • “sense wires at the top of outer wire planes in SP APA (0.5 mm resol.).”
[The above resolutions are goals. Specification is 2 mm.]

ALLANYWHERE on

More on this later
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Slide from Sowjanya

I retract this caveat!
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Type of mirror: dielectric coated (no metal)

Dielectric mirrors can be made to reflect
more than one band of color. 532&1064nm is 
available off the shelf, we need 266&532nm to 
reflect UV for the laser and green light for the 
camera. (And possibly an alignment beam?) 
Custom coating designs can be ordered. 
(There’s even a program to design them.)
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Optical simulations

● Using a wavefront simulator from NASA/JPL called PROPER.
● Used for designing telescopes and other instruments.
● Confirms resolution estimates for the mirror sizes we have.
● Have included liquid argon index of refraction effects.
● Next step is to add variable phase due to variations of index 

of refraction due to temperature. (The same phenomenon as 
“seeing” in astronomy.)
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Refraction in liquid argon (laser and camera)

● Index of refraction varies with temperature.
● Nice paper on how to calculate refraction in general case.

Mahdiyar Noorbala and Reza Sepehrinia 2016 Eur. J. Phys. 37 025301
● In simple case with variation of temperature only in vertical 

direction, 10-3 kelvin/m, causes 10-6 radians per meter change in 
beam direction.  5x10-3 kelvin/m in top 1 m causes 8 mm deflection 
over 40 m.  Still ok, but starts to be interesting.

● These temperature variations are for recirculation stopped.
● With recirculation on, simulations show larger gradients 

distributed over the entire detector.

https://iopscience.iop.org/article/10.1088/0143-0807/37/2/025301/meta
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From 2015 1-pump simulation, EDMS 2154414  
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Inclinometer
● Flanges are attached to membrane, may tilt 

with changes in pressure.
● 100 microradian (0.002 degree) tilt of flange 

would make 1 mm shift of beam over 10 m. 
But we don’t know flanges are that stable.

● We want to get a high precision 
inclinometer and try it on ProtoDUNE.

● If tilt is slow enough, we can feed back on 
the inclinometer and adjust the periscope.
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Coronas and streamers? Look for UV!

UV detector
(TPB-coated PMT)

Retracted
Looking at outside

Deployed
Looking at inside
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Extra slides
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Specifications  (detailed, CISC consortium)
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Lighting with LEDs

● Cameras will have light 
rings around lenses for 
nearby objects.

● For distant objects, lighting 
close to the object is better. 
(1/r2 instead of 1/r4)

● Beware of shift to shorter 
wavelength due to bandgap 
change in cold.

 JINST 8 (2013) T12001, arXiv:1310.6601 

“Amber LED” illumination 
“IR LED”
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ProtoDUNE fixed cameras

vacuum-tight

acrylic

Part of a video from camera 105 
showing purity monitor mounted
outside the APA on the beam left side, 
ProtoDUNE-SP filled. (David Rivera
PDSP elog 6303, 2018-09-15 03:01)

https://youtu.be/y0J19FrnzMs
https://pdspelog.web.cern.ch/elisa/display/6303

	Slide 1
	Slide 2
	Slide 3
	Slide 4
	Slide 5
	Slide 6
	Slide 7
	Slide 8
	Slide 9
	Slide 10
	Slide 11
	Slide 12
	Slide 13
	Slide 14
	Slide 15

