BULGARIAN ENGINEERING TEACHERS PROGRAMME

DETECTOR SITES AND SYSTEMS FOR
REMOTE PERSONAL SUPERVISION
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Detector characteristics
Muon Detectors Electromagnetic Calorimeters Width: 44m
\ Diameter: 22m
/ \ x{.\ Weight: 7000t
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ASSEMBLY OF THE BIG WHEELS SECTORS

= Assembly work of the 104 sectors

» Team of around 50 engineers and
technicians from different
nationalities

(Israel, Pakistan, France, Russia, USA,
China, Japan, etc.)

= Safety.
o work analysis
o safety control
o scaffoldings/nacelles/personal.

» Huge personal rotation:

o welcome/sent off

o integration

o professional and safety training

o link person between:
« teams in the assembly hall
+ the assembly hall and the
design office
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Safety!

Hundred meters of platforms, ladders,
holes, etc.

Scaffoldings

Confined spaces
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| The activities are very different
from very detailed detector expertise work

... to heavy loads transport
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OVERVIEW OF PERSONNEL SAFETY SYSTEM

Local worker Remote Sup.

AR devices

A/ Powered with
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\ Status of the ATV
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We provide Augmented and Virtual Reality information to workers:
procedure of work, radiation environment



https://indico.cern.ch/event/448789/session/1/contribution/43/attachments/1166271/1681656/WPSS_sample.mov
https://indico.cern.ch/event/448789/session/1/contribution/43/attachments/1166271/1681653/Beam_Pipe.mp4
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https://indico.cern.ch/event/448789/session/1/contribution/43/attachments/1166271/1681654/Dexter_IN.MOV
https://indico.cern.ch/event/448789/session/1/contribution/43/attachments/1166271/1681655/Dexter_OUT.MOV
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Localization Result













Is there new physics beyond our knowledge ?

v’ are the most abundant particles in
our 4% universe

v' they carry no electrical charge

v’ they have a very small mass, that we

are unable to quantify

v’ they interact very weakly with atoms

v/ we are not sure that just 3 species
S S EIIIES)

v’ they probably carry the mystery of
why anti matter has disappeared

v they oscillate in their main properties

1 by oasei

Neutrinos are hiding
new physics !!!



Neutrinos oscillate !!

Frobabilitn

Oscillation probabilities for an initial muon neutrino

Iyl

~ L/E [km/GeV) '




Neutrinos are difficult to detect

Leptons

K. j;? ~10-° = 0.000000001

arm
15

Probability to interact
with the earth matter

So we need massive detectors and very intense neutrino beams
111



How to detect Neutrinos

Neutrinos interact with the
Argon Nuclei as for example in
the following nuclear reaction:

The neutrino signature Is in this case
the appearance of an energetic
electron in the bath of LAr



How to detect Neutrinos

In the presence of electric field

.- ,

v<<v- H 1.6 mm/us @ 500 V/cm




How to detect Neutrinos

cathodes geometrical

reconstruction
on a plane

front view of the detector wire planes
anode
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First step almost done
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First step almost done







First step almost done







What do we need ?

v’ Large cryogenic containers ~ 14’000 m? of liquid (~96%)

v Where we control the purity of the LAr at the ppt level

v’ Stable in time, filled for ~20 years

v Control temperature of the liquid at the 0.1 K level

v Operating temperature : 86-89 K

v’ Easy to install underground ( ~ 1 mile)

v Two level of liguid containment (primary and secondary membrane)

v Residual Heat Input (RHI) : 5 W/m? (to avoid bubbles)
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Far detector @ the SURF e " foscompi
laboratory in South Dakota | _ e
(Lead)




4 caverns, 4 detectors (TPC), 80 Ktons of LAr

Upper drifts at 4850L (

er drifts (blue)




. 80 Ktons of LAr

4 detectors (TPC)

4 caverns







4 caverns, 4 detectors (TPC), 80 Ktons of LAr

Excavation starts in 2017

S — 4 Cryostats assembly
Inner.dlane:sélg'r(;(()IL?luld+gas). 2019 ) 2025

* W=15.10m
* H =14.00 m

First cryostat
operational in 2022



Design & dimensions
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| Length[mm] | Width [mm] | Height [mm
Membrane Internal dimensions 62’000 5’100 14’000
63

. . !
SS plate Internal Dimensions 167900 15’800
External Dimensions of the Structure 66’096 19’196 18’096
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20'000 t§

first step

NABT CERN v
Short Platform

R&D Minerva

Baseline

To succeed we need to proceed in steps
(for cryostats, cryogenics and detectors)




First step almost done
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First step done



https://indico.cern.ch/event/448789/session/1/contribution/43/attachments/1166271/1681652/b.182_Short_2_Music_1080p.mp4
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First step almost done

PRESS RELEASE

6 October 2015

The Nobel Prlze |n Physics 2015

The Roy:

Takaaki Kajita

Super-Kamiokande Collaboration

Kashiwa, Japan

ided to award the

bel Prize in Physi

Arthur B. McDonald

Sudbury Neutrino Observatory Collaboration

“for the discovery of neutrino oscillations, which shows that neutrinos have mass”

Metamorphosis in the particle world

The Nobel Prize in Physics 2015 recognises Takaaki
Kajita in Japan and Arthur B. McDonald in Canada,
for their key contributions to the experiments which
demonstrated that neutrinos change identities. This
metamorphosis requires that neutrinos have mass.
The discovery has changed our understanding of the
innermost workings of matter and can prove crucial
to our view of the universe.

Around the turn of the millennium, Takaaki Kajita presented
the discovery that neutrinos from the atmospher
between two identities on their way to the Super-Kamiokande

detector in Japan.

Meanwhile, the research group in Canada led by

Arthur B. McDonald could demonstrate that the neutrinos
from the Sun were not disappearing on their way

Instead they were captured with a different identity when
arriving to the Sudbury Neutrino Observatory.

A neutrino puzzle that ph ssicists had wrestled with for

ed to theoretical
nhuhtmm ot the numbc'r (ﬁ neutrinos, up to two thlrd\

neutrinos to be m:
showed that the Standard Model cannot bc‘ the wmplc'tc'
theory of the fundamental constituents of the universe.

hlddc'n world ot neutrinos. Attc'r ph(atnm thc‘ p1rt1L1c's

of light, neutrinos are the most numerous in the entire
cosmos. The Earth is constantly bombarded by them.
Many neutrinos are created in reactions between cosmi
radiation and the Earth’s atmosphere. Others are produced
in nuclear reactions inside the S s of

neutrinos are s ning through our be ;

Hardly anythi n stop them passing; neutrinos are
nature’s most elusive elementary particles.

Now the experiments continue and intense activit
undery sture neutrino
examine their properties. New discoveries about their deepest
secrets are expected to change our current understanding of
the history, structure and future fate of the universe.
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