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Belgium at CERN

One of the twelve CERN founding member states

* Belgium nowadays one of the 22 CERN member states

®* CERN membership of 27 M€/year funded by Belgian Federal
Government (FOD Economie)
* CERN Mandate:
* Fundamental scientific research
e Technology transfer
* Training and educating STEM professionals of the future
* |nternational collaboration



Compact Muon
Solenoid

Particle detector built around
single solenoid magnet

at 4 Tesla.

The characteristic shape of the
muon tracks in the tracker and
muon sysem is also present in
CMS logo.

Project of a
Generation

First designs in 1990s,
construction in 2000s.

Operational since 2009
Run 12009-2012 at 7-8 TeV

Present:
Run 2 at 13 TeV collision energy.

CMS experiment

Compact Muon Solenoid

F. Blekman, Belgium in CMS, RECFA

General Purpose
Detector

One of the general purpose
detectors at the Large
Hadron Collider, with a
physics programme
focusing on all aspects of
LHC physics including heavy
ion physics, Heavy flavour,
SM and BSM measurement
and searches

High-Luminosity
LHC

Next major upgrade to
high-luminosity LHC with
many detector changes in
2026 :

Phase Il



CMS Collaboration

Statistics

4895 scientists,
incl. physicists with PhD, Engineers, PhD students

Collaboration

International 201 universities & scientific institutes, 46 countries

Spokesperson Prof. Joel Butler (Fermilab)

SCUELLIEL LRI RS L CEEC R Jorgen D’Hondt (Vrije Universiteit Brussel)
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Institutes in CMS

Belgian groups have been involved with CMS
since the start of the experiment

Flanders:
Universiteit Antwerpen
Universiteit Gent
Vrije Universiteit Brussel

Wallonia:
Université Catholique de Louvain

Université Libre de Bruxelles
Université Mons (until 2014) 289

| v _
Gent—-- o Antwerpen

' rn.mgo:':ir_ _:.';,._..J_u;‘? Currently 59 CMS members
Loy % (6 faculty)

e
~ Brugge

Currently 65 CMS members

(11 permanent researchers/ 2 oA
faCU|tY) I'\""‘-., Mons H-':"w . _ueqe ; r
i'__"‘ -'I-vAssociate institute: Katholieke Universiteit Leuven
Ly [ e

LANGUAGES / WAI.I.ONIA

SPOKEN ) ~7 p

[7] French [ l!

[[] Flemish l| {

[[] German N . N

[T] Bidingual (French/Flemish) “r'_'

Contribution to output, management and prizes: over-proportional




Collaboration between institutes

Collaboration in national context is essential to retain the

leading role in CMS collaboration

Up to 2017, all Belgian institutes were working together with theory in a program funded by the
BELSPO (federal research agency) called Interuniversity Attraction Poles
® This programme has ended in that form
® This included common workshops ensure that Belgian expertise was retained
In general, funding model in particle physics has evolved drastically over last years
There is strong and consistent support from all groups to continue to closely collaborate
* Also, ULB-VUB (+UA) have been very successfully collaborating since 1970s in

Interuniversity Institute for High Energies (IIHE-ULB-VUB)

Lack of technicians limits ability to make impact detector at same level as physics/

management

F. Blekman, Belgium in CMS, RECFA



Coordinating roles

* Important roles in collaboration that control how successful detector and collaboration is

* Examples (not a complete list):

UGent had multiple leadership roles in muon project, including upgrades
ULB has held leadership positions in CMS GEM upgrade (muons) and tracker
Various very visible roles in tracker by ULB, VUB, UCL

UA has had multiple leadership positions in CASTOR forward calorimeter
Deputy run coordinator UCL

Collaboration board chair VUB

F. Blekman, Belgium in CMS, RECFA



Belgian detector ::rervryvoxe g Lveus :

/500 tonnes SILICON TRACKERS VUB, Umons
: - Pixel (100x150 ym) ~16m* ~66M channels :
co n t rl b u tl o n Microstrips (80x180 pm) ~200m? ~9.6M channels (incl. management)
ULB,
To Phase 1 CMS detector SUPERCONDUCTING SOLENOID VUB
7

Niobium titanium coil carrying ~18,000A

‘ I Also: H UGent

PS g~ o
/%,% Al MUON CHAMBERS ‘ fincl. management)

Barrel: 250 Drift Tube, 480 Resistive Plate Chambers
Endcaps: 468 Cathode Strip, 432 Resistive Plate Chambers

2
%

PRESHOWER
Silicon strips ~16m* ~137,000 channels

FORWARD CALORIMETER
Steel + Quartz fibres ~2,000 Channels

1 Tua

Incl.
management

CRYSTAL
ELECTROMAGNETIC
CALORIMETER (ECAL)
~76,000 scintillating PbWO, crystals

\ \ o 4 “ X R : . /,/
HADRON CALORIMETER (HCAL) NN
Brass + Plastic scintillator ~7,000 channels 2 REC| 8
N



Coordination: Collaboration (2016)

CMS

Advisors
Ex-SP: T. Camporesi
Ex-TC: A. Hervé

CMS Management Board

Advisors: L.A.T. Bauerdick , H. Chen, =
I. Golutvin, V. O'Dell, A. Santoro,
A. Sharma, F. Sikler , G. Tonelli,

B. Wyslouch

Spokesperson
J. Butler
R. Carlin, G. Dissertori

Engagement Office
K. Borras

2016

Collaboration Board
CB Chair

Resources Manager
A. Charkiewicz

1
Upgrade Coordination

Technical Coordination

1
Physics Coordination

D.Contal'do A. Ba" J. Alca[az Maestre
L. Malgeri, J. Spalding W. Zeuner S. Rahatlou
Electronics Coord. M. Hansen
GLIMOS N. Dupont
| T T
BRIL L1 Trigger Tracker Trigger
D. Stickland A. Tapper A. Venturi - A. Bocci
A. Dabrowski E. Perez F. Hartmann S. Gennai
I T T
PPD
CTPPS DAQ Muons G. Cerminara
J. Varela F. Meijers J. Hauser —= M. Klute
A. Colaleo
I T T Offline &
Endcap ECAL HCAL ) | Computing
Calorimeter D. Petyt P. Rumerio D. Bonacorsi
T. Virdee F. Cavallari J. Dittmann E. Sexton-Kennedy
M. Mannelli
— S. Goy-Lopez
S. Paramesvaran
L. Silvestris
Subsystems Coordinations

J. D'Hondt

N. Hadley (secretary) W

S. Choi (Deputy)

Publications
B. Gary

| BN |
Communication
A. Petrilli

Conferences
A. Meyer

L

MB Secretary
Q. Ingram

. rakness §) 2012: C.Delaere (UCL)

January 2017 Version 6

U.S.A Italy
G. Snow R. Tenchini
1 1
Germany RDMS
T. Miiller V. Matveev
1 |
U.K. France
D. Newbold Y. Sirois
| 1
Switzerland CERN
F. Canelli T. Camporesi
I |
Non-MS Other MS
K. Mazumdar P. Sphicas

Regional Representatives




Coordination: Physics (example 2016)

. . Physics Officers
Slre annaEs Physics Coordinators M-y AOD+POG:
Studies J. Alcaraz NS -
P. Azzi s ' hatl Giovanni Petrucciani
M. Narain - Rahatlou Andrea Rizzi
Upgrade
ely Muons Fwd & small-x SM Physics Higgs
F. Couderc T H. Brun = QCD ‘ I K. Theofilatos A. David
R. Paramatti A. Calderdn A. Moraes M. Velasco P. Meridiani
H. van Haevermaet
‘ lJetsIMET || B-tagging & vitx Heavy lons Top SUSY
R. Schoefbeck C. Collarq _ W. Li P. Silva C. Campagnari
S. Sharma I. Marchesini C. Mironov R. Gonzalez W. Adam
Taus Tracking B physics Exotica
. Ojalvo 17 M. Rovere S. Malvezzi S. Valouev
M. Blyj V. Innocente M. Galanti O. Buchmueller
Luminosity MC generators CT-PPS Beyond 2 Gen.
J. Salfeld B P. Govoni : R. Erbacher
C. Palmer L. Perrozzi A. Vilela '
. C. Royon T. Bose

TOTEM

F. Blekman, Belgium in CMS, RECFA




THE DISCOVERY OF THE
STANDARD MODEL SCALAR

The genuine highlight of CMS for the LHC run 1 (2009-2012) is
without doubt the Discovery of the Higgs boson in 2012

Confirmation of the Standard Model as a exhaustive theory of
fundamental particles and their interactions

Belgian link to the 2013 Nobel prize-winning prediction of the
Standard Model Scalar particle by Brout, Englert and Higgs in 1964




Coordination: Physics (timeline) .

| Show all ” Total H Exotica H Standard Model H Supersymmetry H Higgs H Top Physics ]

[ Heavy lon H B Physics H Forward Physics H Beyond 2 Generations H ’

599 collider data papers submitted as of 2017-04-13
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Coordination: Physics :

°* The coordination of physics analysis is one of the main
organisational challenges of large collaborations
°* Many small groups to work effectively, with 2 conveners
coordinating, usually with 2-year staggered terms
* CMS has 9 dedicated physics analysis groups focusing on
different physics topics, each containing 100s of analysts

* Standard model physics: top, Higgs, small-x, heavy flavour
and fQCD

* Heavy lon Physics
* Searches: SUSY, Exotica, Beyond-2-generations
® Each of these has numourous working-groups where
analysis is reviewed (in charge of 5-10 ongoing papers)
* There are also 7 similar groups for the physics reconstruction:

* Electrons/photons, muons, Jets/EtMiss, taus, b-tagging,
tracking, luminosity

F. Blekman, Belgium in CMS, RECFA 13



Coordination: Physics L

°* The coordination of physics analysis is one of the main
organisational challenges of large collaborations
°* Many small groups to work effectively, with 2 conveners
coordinating, usually with 2-year staggered terms
* Belgian contribution to physics groups
® Organisation in place since
* Convener roles: TOP (2x), fQCD (2x), B2G
* Numerous (over 20) subgroup conveners from all current
Be-CMS institutes and in most physics groups (excl. HI)
* About 20 positions as physics object conveners
* E/gamma, b-tagging, tau, tracking, jets/MET, Simulation

6.6% of CMS group conveners are Belgian

In addition very visible roles in publication approval process (publication committee) incl. vice chair
(UA) and many faculty structurally responsible for review papers in EXO, TOP, SUSY

F. Blekman, Belgium in CMS, RECFA 14
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Belgian achievement

Some typical contributions, in numbers

Number of researchers with PhD
Used to determine M&O and
‘fair share’ detector contribution

Group Conference PhD thesis
CMS authors conveners talks awards

Researchers Number of
with PhD PhD studeents

Belgian institutes have a huge impact in the CMS collaboration

Excellent example is the fact that 8 out of the 22 CMS thesis awards* have been awarded

to Belgians, most recently in 2017 for Dr Ceclie Caillol’s thesis on H ->11 (2016)

*) Awards for best PhD thesis on a CMS related subject, awarded since 2000

Dr Cecile Caillol



Conclusion and outlook

Bel9ium Bulgaria

Austria

Much above proportional

. . Finland
contribution gl
| France orman
detector and operation /, _——cemen
. ussia ___—Greece
physics ) = tungary

Uzbekistan f ’/ \ al
paper.s i ] élkrairje “ /‘ \
reflected in disproportional number i ' " NN
. . . Armenia ortuga
management positions and prizes Turey szt NN
erbia China, PR Spain
Pakista China (Taiwan)  guitzerland

Lithuani

Colombia
New-Zealand Croatia

More on the upgrades in the next rlans i | S
talk - we are invested there too!

o O
AL

UNIVERSITEIT

Universiteit ~ GENT Engineering
Antwerpen

only!

Mexico Korea Iran

bodes very well for future!






® Precision measurements

Physics Highlights: Gent

® Searches for Supersymmetry (SUSY)

in Top-quark sector

Events

ﬂclusive cross section \

» Top-quark mass
» Spin correlation in to-pairs

e tt+W/Z cross section &EFT
interpretation
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* Active in multiple analyses, leading roles
«JetMET Convenor: crucial for SUSY&bey
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® Search for Dark matter
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Physics Highlights: Antwerp

2010 data = First limit
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H(125 GeV) >WW: From early searches ... to discovery ... to measurements of properties

Full Run | data = Excluding spin 1 & 2
- Constraining the H width
-> Differential x-section in PrH
> Comblnatlon with ATLAS
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Physics Highlights: UCLouvain

/ W & \ Standard model: %@CM?HDMWW-“ 198107 (8TeV) _ N
9 - tan(B) = 1.5 ; cos(p - ) = 0.01 e
Diphoton production of pp = ["RSZA o b
. 800[—
t and quartic gauge boson i _
couplings ol Gl =§>$= 10°
(4 papers&preliminary results) I : & %?’“T‘ -
N b )| Also: link to TOTEM oo [ B1s
i i = 10
Top quarks: Contributions to b-tagging, =0 1
° . . . --- Exp. excl.
Sinele to tau, tracking (incl. alignment), o —obeeel o
ttbg . dpl t muons, datasets/performance Q . M, (Gel/(;oo/
ar in alieptons
tH production .
Also: PDG and Reviews in S?arCheS: SM Scalar boson:
Physics contributions Dimuon resonances H/A->ZH/A >l bb
(11 papers&preliminary results) Massive long-lived particles H/A->ZH/A->Iltt
BNV top quarks h->77Z -> |l v (-> h width)
(8 papers&preliminary results) (16 papers&preliminary results)

Plus: High-impact work & leadership CMS fast simulation
DELPHES parameterized detector simulation

F. Blekman, Belgium in CMS, RECFA 20



Physics Highlights: ULB

27" (13 TeV)
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Scalar sector:

Exotica:

High-mass resonances in
€e, UM, €W, vy

Initiated high-energy ee
pair (HEEP) group
Top+Dark Matter (w ULB,
UCL)

“Discovery alerts”
(task forces 11 2011, yy 2016)
Strong expertise electrons

Coupling to fermions (zZH-> Il + Il tt)
Invisible decays incl off-shell tail
and total decay width H-> [l+vv
BSM H -> tt, H-> ll+vv

SM cross section: ZZ -> ll+vv
Strong expertise muon,tau
leptons (incl convenerships)

1
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MG5/Data

Nature Phys. 10 (2014) 557-560
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QCD studies:

Total and differential cross
sections

Underlying events
Expertise in jet calibration

F. Blekman, Belgium in CMS, RECFA
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Physics Highlights: VUB

/ Muon
py=54.1GeV/c |

n=0.70 /
/
|
f
|

J //A;\

\

M(ep):
86.5 GeV/c?

Missing E;:
80.2 GeV
Electron
pr=50.1 GeV/c
n=0.60

==

e
pr=55.3 GeV/c
n=2.22

CMS
Run: 163385
tvent; 82718301

Top quarks:
* Cross section (early,

differential, top-as-a-tool)
* Top mass (& mass
difference)
* Anomalous couplings
* FCNC (also tH)
e Discovery tW production
* Rare decays (tttt)
Convenerships incl. founding
convener, two other conveners
ex-VUB, many sub-conveners
Multiple papers on each topic

Searches for new Physics:

*  SUSY top squarks

e SUSY jets+missing energy

Dark matter including convenerships CMS
and LHC working group

*  Top+DM (with ULB, UCL)

*  mono-jets

Exotica using top quarks including founding
convenership B2G

* Vector-like quarks

* tWresonances

* Displaced new physics (DM, SUSY)

* Trackless jets (pheno)

At least one paper/preliminary result on
each topic

Indirect

Mass-Energy of the Universe

Ordinary SM X
_—— Matter

Dark
- Matter
Dark
Energy

F. Blekman, Belgium in CMS, RECFA
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SM

Collider

18114

B-tagging:

Visible leadership (2
conveners in 4 years)

Charm tagging
Calibration/new algorithms/
simulation

High-multiplicity, future
studies

22




Phase-1 upgrade:
Muon endcap
; extension in v

vz GEM slice test (GE1/1 station): installation and

we  commissioning during extended technical stop

n 01 02 03 04 05 06 07 08 0.9 10 11
6 843 766° 731" 67.7° 625 675" 528 484" 443

Trigger Rate [kHz] ‘-‘: =

Forward Muon] 1/ ] %g 59‘4
Tagger (MEQ) J .| L
z:I:: TIGCAL . i 30 57
- - 007
0 1 2 3 4 s 6 1 & s w 12 2(m)
GEM DAQ system: opto-hybrid and
DAQ architecture; FPGA_radi/ )P {8Sts
;"’ o . o ’ !7 OO 0O
! Opto-hybrld.l I \
board which | o
transmits the GEM
trigger data through  § ’ ;
existing optical fibres | | Patrick
| / (_ —o Marinov De
— ‘Harenn
| J F. Bleknidh, Belgi e




Completed PhD theses since 2010: ULB

. Detection of high energy electrons in the CMS detector at the LHC — O. Charaf — octobre 2010 — ULB - lISN

. Data-driven multi-jet and V+jets background estimation techniques for top quark pair production at CMS — G.
Hammad —ao(t 2011 — ULB — FRIA, boursier de la fondation Van Buuren.

. Search for new physics at the LHC through the study of the lepton pairs mass spectrum at 7 TeV in CMS - V.
Dero — décembre 2011 — ULB — IISN

. Search for new heavy narrow resonances decaying into a dielectron pair with the CMS detector — L. Thomas —
septembre 2014 — ULB — assistant ULB — FRIA

. Search for new massive resonances decaying to dielectrons or electron-muon pairs with the CMS detector —
Th. Reis — février 2015 — ULB — IISN

. Development of the new trigger and data acquisition system for the CMS forward muon spectrometer
upgrade — E. Verhagen — mars 2015 — ULB — ARC/AIDA/PAI

. Measurement of Z boson production in association with jets at the LHC and study of a DAQ system for the
Triple-GEM detector in view of the CMS upgrade — A.Léonard — juin 2015 — ULB, FNRS

. Measurement of the Z boson pair-production cross section in pp collisions at 7 and 8 TeV, and ECAL timing
studies for the phase-2 upgrade of the CMS experiment - L. Pernié — septembre 2015 — ULB - [ISN

. Scalar boson decays to tau leptons: In the standard model and beyond — C. Caillol — avril 2016 — ULB

. Study of Triple-GEM detectors for the CMS muon spectrometer upgrade at LHC and study of the forward-
backward charge asymmetry for the search of extra neutral gauge bosons — F. Zenoni — avril 2016 — ULB

. Study of Triple-GEM detector for the upgrade of the CMS muon spectrometer at LHC — Th. Maerschalk —
juillet 2016 — ULB

. Development of the DAQ System of Triple-GEM Detectors for the CMS Muon Spectrometer Upgrade at LHC —
Thomas Lenzi — décembre 2016 — ULB



Completed PhD theses since 2010: VUB

* Joris Maes - Estimation of b-tag efficiency using top quarks (2010)

* Petra Van Mulders - Calibration of the jet energy scale using top
quarks (2010)

* Maryam Zeinali - Measurement of the jet energy scale using top
quarks (2011)

* Nadjieh Jafari - Measurement of the b-tagging efficiency using top
quarks (2011)

* Michael Maes - Measurement of the top quark production cross
section (2013)

e Stijn Blyweert - Measurement of the top quark mass and the mass
difference top quark and antiquark (2013)

* Alexis Kalogeropoulos - Search for direct stop quark production (2014)
e Gerrit Van Onsem - Search for new heavy quarks (2014)

* Annik Olbrechts - Measuring the anomalous couplings of the Wtb
vertex (2016)

* Lana Beck - The search for Standard Model production of four top
quarks (2017)



Completed PhD theses since 2010: UGent

 -2011: Lukas Vanelderen
e -2012: Piet Verwilligen

e -2012: Benjamin Klein

e -2012: Sinéad Walsh

e -2012: Andrey Marinov
e -2014: Filip Thyssen

e -2015: Joseph McCartin
e -2015: Guillaume Garcia
* -2015: Nadja Strobbe

e -2015: Kelly Beernaert



Completed PhD theses since 2010: UCLouvain

1) 2017-24-03 Alexandre Mertens Search for 2HDM extensions of the scalar sector close to the alignment limit with the CMS
detector (Ch. Delaere)

2) 2016-10-20 Adrien Caudron
The final state with two b jets and two leptons at the LHC as a probe of the scalar sector (Christophe Delaere)
3) 2016-04-25 Laurent Forthomme

Measurement of exclusive two-photon processes with dilepton final states in pp collisions at the LHC
Krzysztof Piotrzkowski
4) 2015-10-16 Andrey Popov
Search for anomalous Higgs boson production in association with single top quarks using the CMS detector
Andrea Giammanco
5) 2015-10-14 Camille Beluffi
Search for rare processes with a Z+bb signature with the CMS detector, using the Matrix Element Method
Vincent Lemaitre
6) 2015-10-09 Lucia Perrini
Search for higgs bosons decaying to tau leptons with the CMS experiment at the LHC Giacomo Bruno
7) 2015-09-25
Suzan Basegmez A new method for mapping detector material in situ and a matrix element approach to the search for heavy
di-muon resonance at the LHC. Giacomo Bruno

8) 2015-06-08Ludivine CéardFirst measurement of the associated production of a Z boson with b jets at the LHCChristophe
Delaere

9) 2014-02-12Michele GabusiSearch for baryon number violation in top-quark decays with the CMS experimentGiacomo Bruno
and Paolo Vitulo

10) 2013-10-07Arnaud PinThe Matrix Element Method at the LHC: A Search for the Associated Production of Higgs and Z
bosonsVincent Lemaitre

11) 2011-09-16Julien CaudronFirst observation of the Top Quark at the Large Hadron ColliderVincent Lemaitre
12) 2011-07-12Nicolas SchulMeasurements of two-photon interactions at the LHCKrzysztof Piotrzkowski

13) 2010-10-14Loic QuertenmontSearch for Heavy Stable Charged ParticlesGiacomo Bruno

14) 2010-04-30Séverine OvynPhotoproduction of top and Higgs particles at the LHCVincent Lemaitre
F. Blekman, Belgium in CMS, RECFA
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Long-term plan

LHC
Run 2 \ \ Run 3
LS1 13 Tev EYETS 13.5-14 TeV 14 TeV 14 TeV energy
injector upgrade 5t07x
splice consolidation cryo Point 4 cryolimit HL-LHC nominal
7 TeV 8 TeV button collimators DS collimation interaction ) N luminosity
—— P2-P7(11 T dip.) regions installation

R2E project
Civil Eng. P1-P5
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experiment I exwrlpm'zl;eUfgrade p————————-—— | upgrade phase 2

nominal luminosity

rominl beam pipes
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now

 LHC planned to run at least until 2037
* Total dataset two orders of magnitude larger than data
currently on disk

F. Blekman, Belgium in CMS, RECFA 28



CMS LHC Hi Lumi Upgrades (>2023)
NewTrackerm Muons

* Radiation tolerant - high granularity - less material * Replace DT FE electronics
* Tracks in hardware trigger (L1)

* Complete RPC coverage in forward
* Coverageupton-~4

region (new GEM/RPC technology)

New Endcap CalgulaiIe
* Radiation tolg £laleRalf:

* Investigate cQEEILE
Barrel ECAL
* Replace FE elect {olalles

Trigger/DAQ

e L1 (hardware) with tracks and
rate up ~ 500 kHz to 1 MHz

* Latency = 10us

e HLT output up to 10 kHz




Belgium and the CMS tracker

Belgian institutes are contributing to the tracker
construction (and R&D) since 1993!

Assembly of current strip tracker was done
in Belgium (1800 silicon detectors)

Design&construction of supports, cooling,
quality controls, slow control

Belgian scientists involved with installation
in 2008

Still heavily involved in operations, shifts

Belgium is committed to also contributing to the Phase-2 strip tracker for HL-LHC




Ex:Top quark physics in Belgium

August 2016 CMS Preliminary
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All results at: https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsTOP
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Silicon strip tracker data quality monitoring -

Combined Brussels effort from IIHE

* Conveners: Thomas Hreus, Tomislav Seva (ULB); Hugo Delannoy (ULB) with Isabelle De
Bruyn (VUB)

* Contributions: validation tools; historic DQM,; shifter training
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CASTOR forward calorimeter
. DeSign Cone of the Light guidg —photo mytiplier +75

— forward em/had calorimeter Cheronkovlight TS fehes g

¢ 5
and
300
\
ungst} plates

and one width
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— thungsten/quartz sampling with Cherenkov idod by
radiation total reflection

Particles from

— acceptance in rapidity -6.6 < eta < -5.2 lriaiLLEy S8 S oy — oo
0
. . . 5
— 16-fold segmentation in azimuth ~ Beam pipe
\Z

Physics objects
— energy flow
— rapidity gaps

Pixels

Tracker
— forward jets ECAL
Solenoid

Large UAntwerp involvement in
— construction
— maintenance & operation
— alignment & calibration
— commissioning of physics objech T TR AT

Overall diameter  : 15.0
Overall length :28.7m
Magnetic field :38T

physics analysis



