Cosmic-ray tracker improvements &
augmented reality event-display
for GIF++

Davide Boscherini (INFN-Bologna)
WP 15.5.4

=\ /)
&) AIDA N
GIF

AIDA-2020 2" Annual Meeting - LPNHE-Paris, 4-7 April 2017



Improvement of the GIF++ cosmic-ray tracker

Current cosmic-ray tracker setup at the GIF++ is covering just one side
of the bunker (wrt the irradiation source)

Useful when the muon beam is not available (expected ~6-8 weeks/
year as main users, plus similar time as parasitic users)

GIF++ bunker surface is ~2x the old-GIF, but it is already very crowded!



Current cosmic tracker setup

Based on Resistive Plate Chamber technology
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Motivations of the project

Improvement of the cosmic muon selection
¢ Instrument a larger area of the facility
¢ Select higher momentum muons

Possibility to trigger on the beam-halo, if position of new chambers
chosen appropriately

The above requirements can be fulfilled by installing large area RPCs
on the vertical walls of the facility
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Furthermore, using large angle cosmic muons, no need to change
orientation of the detectors under test wrt the setup for beam muons



Spectrum of cosmic muons at sea level

from PDG

C_Patri . L (Particle D G Chi Physics C. 40. 100001 (2016
e = OO e - 750 The Review of Particle Physics, chapter 29.3, page 8
http://www-pdg.lbl.gov/2016/reviews/rpp2016-rev-cosmic-rays.pdf
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Figure 26.4: Spectrum of muons at § = 0° (¢ [41], W [46], Y [47], A [48], X,
+ [43], o [44], and e [45] and 6 = 75° ¢ [49]) . The line plots the result from
Eq. (26.4) for vertical showers.

Harder spectrum at larger incidence angles



Project description

Build RPC chambers to be placed on the vertical walls of the bunker
(see pictures in next slide) with a total surface of ~12 m?

Chamber stratigraphy:

- 2 independent detector layers
- 4 readout panels —
Chamber dimensions (active area): —

Paper honeycomb

2 Outer ground
- 3 . 4 X O . 9 m A //: Polystyrene pad
. " 0339 —— Longitudinal strip
Spatial resolution: g 2 PET foil (+glue)
o 2 \ Graphite electrode 0,05
al e 2 \ Resistive plate
1 Cm 0'339 e e \ Gas gap with spacer
T Transverse strips

New chambers will be integrated into the already existing infrastructure
of the cosmic tracker:

- gas system

- power supplies

- DCS

- DAQ



Chamber status

Mechanics of new chambers is available

Need to produce the active elements of the detectors:
gas volumes
readout panels

Bakelite for the gas volumes (electrodes) is being ordered



Views of GIF++ end-walls

Upstream view Downstream view
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Positioning of chambers has to fit the geometrical constraints

Chamber position

presence of beam dumps on both sides

Triggering on beam-halo needs chambers on both sides

Coincidence with floor chambers possible
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Project deadlines

Milestone:
Design of chambers
18 months

Deliverable:
Cosmic tracker installed and commissioned
44 months



Timeline

2017

Produce chambers:
gas volumes
readout panels
front-end electronics
mechanics

2018
Chamber installation and integration into the existing system



Augmented reality
cosmic-rays event display



AR event display framework

Combine particle physics detector, real-time data acquisition and Augmented Reality
Produce a direct experience of cosmic rays for an operator inside the GIF++ bunker
GIF++ hardware infrastructure provides most of the needed support

GIF++ becoming pilot project for a new generation of tools for commissioning and
maintenance of complex experimental apparatus (reduce time of interventions,
enhance operator safety, ...). Interfacing the system with DCS to show power status

of boards or any detector element in the operator view

Using a good timing detector (RPCs) will allow to view / stop / re-play / view in slow-
motion a cosmic shower event and see its impact on a test detector

Applications

industrial control, production and safety
cosmic-rays visualization for education and outreach (Universities, exhibitions,

museum, etc.)
visualization of any source of invisible field of radiation by replacing the type of

sensors, e.g. Radio Frequency, Infrared, UV...



Relation between GIF++ and AR event display

Based on the CR tracker Extended coveragé muon detecto AR test
enclosed in the GIF++ A detector
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CR detector coverage will be
extended and 3D event display
features will be added to the
online monitoring system
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Functional description of the AR display in the GIF++
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CR data to construct

vectors the event display
3D event
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Project status

Android tablet

The project requires the GIF++ CR tracker,
its DAQ, DCS and online monitoring software

A demonstrator is being setup to run with fake
data for test purposes

Under study the possibility of adding markers on

sensors detectors and gauges and interface the

measurement points with the DCS

- This will provide on the tablet instant
information about the tagged device

- It can be easily applied both to sensors and
detectors

- Simple examples: environmental monitors,
detector currents, gas flows, power status
(HV, LV)

In future it can be studied the possibility of an
interactive interface to give commands to the
devices through the DCS

software
development
platform
defined

OPEN CV

* A de facto standard general purpose
image processing library

G-Streamer

* Video data management engine

UNITY (optional)

* Proprietary 3D graphic engine for
complex animations

Next steps

* |nstall in GIF++ markers on free surfaces
* Acquire a simplified 3D model of the GIF++




Involved institutes/people

Beneficiary is INFN

Bologna:
INFN: G.Alberghi, D.Boscherini, C.Gessi, P.Giacomelli, A.Polini, M.Romano

Roma “Tor Vergata”:
INFN: R.Cardarelli, B.Liberti, E.Pastori
UNIVERSITY: A.Abdallah, G.Aielli, P.Camarri, A.DiCiaccio, L.DiStante, R.Santonico



Summary

GIF++ is a unique place for detector R&D for HL-LHC:
many users will benefit of improvements to its infrastructure

The upgrade of the cosmic tracker will extend the current setup coverage
Possibly, it will allow to trigger also on muon beam halo

The mechanics of the large area RPC chambers is available
The active detector elements are being ordered
Chamber installation planned for next year

The demonstrator for an augmented reality display will greatly benefit of
the facility infrastructure

While waiting for the cosmic tracker system to be completed (with its DAQ),
starting soon too develop software with fake data for test purposes



