


CMS is a successful detector and collaboration

Exotica

900 papers
viggs as of Aug 3"

Top physics
Heavy lon

| Forward physics

120

100

Thanks to the commitment and
ingenuity of the collaboration,
and thanks to the great
detector we have built
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And Igor had a big role to shape and build CMS

CERN/LHCC 92-3
LHCC/ 1
1 Celober 1992

LABORATOIRE EUROPEEN POUR LA PHYSIQUE DES PARTICULES
CERN EUROPEAN LABORATORY FOR PARTICLE PHYSICS

One of the founding fathers

CMS of the CMS collaboration

The Compact Muon Solenoid

JINR, Dubna, RUSSIA

P. Aklshm, S. Andreev, A. Bel'’kov, M. Bondila, V. Chalyshev, A.Cheremukhin,

¢ ™, V. Eremin’, I. Evsikov, N. Fadeev, A.Feschenko, E. Fefelova,
anchenko, L. Ivanjutin®, V. Ivanov, V. Kalagin, V. Kharlamov®,
A, Khassano, AmaKotideer®, Z. Kozenkova, Y. Kozlov®, V. Krivokhizhin, A. Lanev, S.Losanu,
I. Lukyanov, K. Medved, I. Merkin, V. Minashkin, P. Moissenz, A. Nogaitsev, V. Panasik,
D. Peshekhonov, I. Pusinin, R. Rashevsky, 1. Savin, S.Sergeev, G. Shabratova, A. Sidorov®,
G. Smirnov, N. Susova, A. Vasilesku, E. Verbitskaya’, A. Yaremchuk®, G. Yarygin, I. Yudin,
N. Zamyatin, P. Zrelov, E. Zubarev, V. Zverolovlev®

Letter of Intent
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CMS, an evolving, innovative detector

CMS DETECTOR STEEL RETURN YOKE
Total weight : 14,000 tonnes 12,500 tonnes SILICON TRACKERS
Overall diameter :15.0 m Pixel (100x150 yum) ~1m?* ~66M channels
Overall length :28.7m Microstrips (80x180 um) ~200m?* ~9.6M channels
Magnetic field  :3.8T
SUPERCONDUCTING SOLENOID
— Niobium titanium coil carrying ~18,000A

MUON CHAMBERS
Barrel: 250 Drift Tube, 480 Resistive Plate Chambers
Endcaps: 540 Cathode Strip, $76 Resistive Plate Chambers

g vV
5 PRESHOWER
~— Silicon strips ~16m? ~137,000 channels
- 4 4
: 4
[/ // FORWARD CALORIMETER

e [
h‘.“ }\ 1’ il /} P4 steel+ Quarts ibres ~2,000 Channels

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

HADRON CALORIMETER (HCAT)
Brass + Plastic scintillator ~7,000 channels
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= CMS, an innovative detector from
the beginning
= |Large magnet with 4T magnetic

field surrounding both
calorimeters

Full Si trackers

Redundant muon detectors, all
with trigger capabilities

= Commodity based High Level
Trigger after the L1 trigger

= Worked extremely well, evolved in
the past years and will evolve for
HL-LHC keeping the characteristic
innovativeness




Focus on CMS Endcaps .

JINR made major
contributions to the
design, construction,
installation and
operation of detectors
in the endcaps

08/09/19
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A flagship project: CSC and the ME1/1 muon
detector

= CSC are the key muon detector in the endcaps contributing to
the readout and trigger in particle density areas

= Igor had a key role in the proposal to use CSC detectors in CMS,
then the chambers were produced in JINR, PNPI, Gatchina and
|| I US and have demonstrated excellent performances

R

1) ) |

.

5 — |
= In particular, ME1/1 were : f;;%lﬁ r|}|J

g |
N @ o

produced in Dubna, with Igor
as ME1/1 project leader
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HE, another fundamental part of CMS endcaps

Invaluable contribution of scientist and engineers from JINR in the
design, construction, installation, commissioning and continuous
operations of the hadron calorimeter

08/09/19 R.Carlin Igor's Jubilee

CMS
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HCAL Org Chart during Installation (2005)

HCAL Project

Institution Board Chairperson
A. Skuja
Duputy Chairperson
Technical Board N. Shufneiko
— | —
Project Manager Resource Manager
D. Green J. Hanlon
Barrel Project Coordinator Endcap Project Manager Forward Project Coordinator
A. Skuja 1. Golutvin A. Penzo
{ ]
HB Technical Coord. HE Technical Coord. el Coed.
J. Freeman V. Kryshkin Deputy: V. Gavril
I ——
HO Technical Coord. Mechanical Prod. CASTOR ZDC
K. Sudhakar V. Kalagin Technical Coord. Technical Coord.
. | | | = ]
i Cables: L Schmidt
polon | HPDs: P.Cushman oets o | TriDAS: R Kellogg System | Run Control:  Suzuki
Electronics bl Commissioning ,  Assembly V. Kaftanov Operations: A. Heering
| Front End Elect.: T. Shaw 1 d Test: V. Smi D.Lazic ! DAQ:J. Mans
J. Whitmore | Trigger/DAQ: D. Baden P.de Barbaro | andTest:V.Smirnov <
i 2 A. Volkov <
Detector : LV: (A. Heering) Physics Reconstruction | Detector simulation: S. Banerjee
Control , HV (HPDs): I. Vankov/S. Sergueev and Selection 1 Calibration and monitoring: O. Kodolova
System = HV (PMTs): |. Hauptman (Jets/Missing E1) | Detector reconstruction: S. Abdullin
S Linn ! Sources: V. Bames}a(l. Schmidt) ]. Rohlf | Physics object reconstruction: S. Nikitenko
% : Laser/LEDs: V. Hagopian C. Tully 1 Test beam analysis: S. Kunori

21 Jun 2005
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CMS, not only a detector but lot of computing s

and software development

® Presently Offline + Computing
systems (250kCores total) cope
with
o data taking with larger-than-
expected parking and Heavy
lons throughput
o support for analyses
o preparation of samples for
Phase-Il TDRs
o evolution of our software
and services
o preparation of 50B MC
events

08/09/19

50B “

19-05-1 O—|
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To support for Run-2

analyses

To prepare for Run-3
and Phase-2

To prepare for Run-2

Ultra-Legacy
processing




CMS

And JINR is one of our big computing centres

T1_RU_JINR Max Running Achieved Site:T1_RU_JINR
20 k Availability from 01-May-2019 to 31-May-2019
15 k A 100%
" v 75%
2 10k a so%
L |
5 k m i 25%
Ioo%
0 > 01-05 11-05 21-05 31-05
Thu Sat Mon Dates dd-mm
M Running B MaxRunning B CpusUse :
B MaxCpusUse T1_RU_JINR [l Ur [l Down Maint [li] Unknown SAM3
, max avg cur T1_RU_JINR Avail: 99% Unkn: 0%
Running 6327 4395 2971
MaxRunning 6378 4824 2985
CpusUse 10243 9803 9876
MaxCpusUse 10286 9926 10013

Igor was instrumental in initiation GRID computing for CMS in Russia

Now JINR T1 has an excellent availability and evolution, and a recently improved
network connection

There could be good prospect to have a more effective utilization of JINR HPC, now
that CMS is migrating to heterogeneous architectures (presently mostly GPUs)
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CMS data in Run 2

= Thanks to the excellent design, CMS
managed to take data with a luminosity
and pile-up a factor 2 higher than planned!

= Reminder: Run 2 data taken with an
evolving detector configuration, in

particular

= upgrade of the pixel detector to 4 layers
= upgrade of the HCAL endcap readout (long.

segmentation)

= What are we doing with this data? Just few

examples in Higgs

08/09/19
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> e B e H>| A S A %70_...‘|HHm..u.HHH..l‘.wm,‘...wm‘_ %24oj...|‘m...yw....m.l.m
O [ ¢ Data D 6b EE N B E e =
16— 6 K,>05 n (O} r + Data 7 O 220 4
O 16 B z+x ot ’ 1] N soF [ H(125) ] N oob R e
» ] < 6ol 3 ~ 200F Clqi-2z,2y"
< 14Oz zz o4k = o F [ qu-»2z, 2y ] Lt Wgg-2Z,2y* 7
£ [ [Ims125GeV Tt . S 5oi B go-zz.2y ] S 180 Wz E
S 12 et ] o >F B z+x ] & 160 E
> E ] - B C ]
w 10 ! . s0F E 140 =
0 120 140 160 1 L 1 120 =
8 m,, (GeV) A u ] E ]
] 30 — 100 =
6 1 : 1 80 E
4 201 E 60 =
2 10p “F E
r 20— 5|
0 : : 0 r £ 3
0 0
80 100 1?0 140 160 180 70 80 90 100 110 120 130 140 150 160 170 80 100 120 140 160
- : m,, (GeV) m..(GeV) m,, (GeV)
PLB 716(2012) 30 {JHEP 11(2017)47 g e roroor s
Higgs boson observation R 'CVI‘V‘|§‘ e R AR R ‘1‘9{7_@4‘ CALL/S CMS Prellmlnary m ;
S = X g < T
. . O 4 Data(stat@sys. unc) SN gg—H (POWHEG+JHUGen) + XH L } Data (sqa( @sys. unc) i
with R.un 1 data In 2012 (O] = Systematic uncertainty’ /77 gg—H (MINLO HJ) + XH 8 1§ Systematic uncertainty
B 107E Model dependence %% gg—H (HRes) + XH B SN ggoH (NNLOPS) + XH
= XH = VBF + VH + ttH = -l %4##% gg—H (POWHEG) + XH s |
| ~ 10 E|
—_— —_ I:I XH = VBF + VH + ttH (POWHEG) ° 13
I T 5 (LHC HXSWG YR, m, =125.09 GeV) a
z = ; £ ]
g o 10 €
T 1 s o -8
2 =N
© o 107
© S 3
ﬁ §10}EH|1|1{H:HHiH —
T S 1.
s ;JHEP 04(2016)5 Runl 2 o :
2 , ‘ s 03 |
& Ll ] 5:’"%‘.H|H‘.mH,|H.‘\..T‘.
0 20 40 60 80 100 120 140 160 180 200 0 50 100 150

08/09/19

P,(H) [GeV].

arlin Igor's Jubilee

p,(H) (GeV)

12



Moving to the 2nd generation fermions

= After having observed the coupling to 3 generation fermions, now
first CMS result on VH, H—cc

= highly challenging due to low cross section and need for c-tagging
» addressing resolved (2 c jets) and merged (1 cc jet) cases
» use of ML and jet substructure for tagging and classification

CMS Prelimina 35.9 b (13 TeV) Combined results on signal strength: 1 1
' . 19.7fb” (8 TeV) + 5.11b" (7 TeV)
oL e Obs (exp) exclusion: 70 (37) 9 ICMSI SR BRI
Exp.=79xSM — L
Obe -63.5M ° ,U(VH, H- CE) = 36i%8 Q 1k t
Ell
Lo.r2om Validation using VZ production: I e ]
Obs.=110xSM — 5™ E
) o u(VZ,Z - cc) = 0.558¢ =
2L 102 E
Exp.=57xSM E
Obs.=93xSM -
................................................. 5 __ (M,E) fit ]
Combination —e— Observed For reference: current CMS results on H>uu 107 meev oL |
= === Median expected i °
Ova —7oM Ess%mféd signal strength (data from 2016) —o5%CL
95% expected . 4
s . : 10
0 50 700 750 200 * obs(exp) e.xcl.uflon. 2.92(2.16) 0.1 1 10 100
95% CL upper limit on w(VH,H-scc) e obs (exp) significance: 0.9 (1.0) s.d. Particle mass (GeV)
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Now CMS is in long shutdown 2

CMS.CERN

Long shutdown 2 at CMS in full swing: Pixel detector
extraction | CMS Experiment

08/09/19 R.Carlin Igor's Jubilee

CMS

14



Again, with strong contributions from JINR g

NJ0NON 8N\ 7\ 6\ 5\ 43

HCAL HB

= HB after the conclusion of HE

CAL .
15 14 I3 2N N 10N 9\ 8 \7 \6\5\ 4,321
d . \6\ = 1
upgrade N
Phase-1 HCAL HB N
upgrade

= “"Phase 2" CSC electronics
upgrade

& Ny

#./CS&inner chambers
€lectronics upgrade
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08/09/19

HL-LHC

we are planning to run CMS for a
long time in the future!

R.Carlin Igor's Jubilee

CMS

16



CMS

The LHC Luminosity Plan

We are here
LHC, y HL-LHC

| T e )

14 TeV
energy
N —— 5107x
= INJECTOR UPGRADE 7 X
splice consolidation . imit A nominal
7Tev 8TeV button collimators = TDIS absorber lstagton LA uminosity
T R2E project 117 dipole & collimator regions installation
Civil Eng. P1-P5

201 2012 2013 2014 2015 2016 2017 2018 2019 2020 ‘ 2021 2022

ATLAS - CMS radiation
experiment upgrade phase 1 damage ATLAS -CMS
beam pipes 2 x nom. luminosity 2.5 x nominal luminasity upgrade phase 2
minaf luminos ty ALICE - LHCb S —

V — upgrade
150" |

3000 fb" RGN

x5 Run1 x2 Run?2

Notice, this is the Nominal Scenario:
L =5.0x10e3*cmst up to 3000 fb! (140 PU)

x10 Run3

So far LHC has delivered 5%

or less of the total planned
integrated luminosity!

08/09/19

The Ultimate Scenario forsees:
L = 7.5x10e3*cm s up to 4000 fb (200 PU)

Energy might slightly increase between Run 4 and Run 5

R.Carlin Igor's Jubilee
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Reasons for HL-LHC 3000 '

HH ~100k

10000000

HL-LHC is a Higgs factory, will produce
> 150M Higgs bosons

= A broad program: PO e w2 w
= Precision O(1-10%) measurements of coupling Dark matter = MET _'
= Exploration of Higgs potential (HH production with riplesed | rinsees
~120k of pair produced events) oo .
= Yukawa to 2"d generation, e.g. H> pu == . B
= potential to reveal new particles in loops
e HscP “Gopion mesu
& New Physics — weak scales - low cross- e :
section | S—
= BSM Higgs searches i B2 =N
= Long Lived Particles * It's all about high statistics ~ — = :
» Dark Matter and better detectors 7 E’;;fhes
= Supersymmetry * Need precise &.flexible displacad 4]\ P o
= Extra Dimensions detector and triggers | v d?:
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HL-LHC >

= What is the impact on CMS detector: two strong requirements

» Be able to trigger, readout and analyse data with high
instantaneous luminosity and PU up to 140 (200)

= Be able to cope with a much higher instantaneous and integrated
radiation dose

CMS Experiment at the LHC, CERN
% Datavecorded: 2016-Oct-14 09:33:30,044032 GMT.

g Run / Eveni #L.S; 263171 /85092505 /186 ~130"vertices—

y A

|= 1 Grad - = 2 x 10% neq/cm? - = 2 GHz/cm? I

—

0 200 400 600 800 1000 1200 1400 Z[cm]
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CMS

CMS HL-LHC Upgrade =

Technical proposal CERN-LHCC-2015-010 https://cds.cern.ch/record/2020886

Scope Document CERN-LHCC-2015-019 https://cds.cern.ch/record/2055167/files/LHCC-G-165.pdf

Barrel Calorimeters
https://cds.cern.ch/record/2283187

ECAL crystal granularity readout at 40 MHz with precise

timing for e/y at 30 GeV
* ECAL and HCAL new Back-End boards

Muon systems
;/

https://cds.cern.ch/record/2283189
-/ * DT & CSC new FE/BE readout
[ [ ) * RPC back-end electronics

~ o * New GEM/RPC1.6<n<2.4

L1-Trigger/HLT/DAQ
https://cds.cern.ch/record/2283192
https://cds.cern.ch/record/2283193

* Tracks in L1-Trigger at 40 MHz
* PFlow-like selection 750 kHz outputs,

* HLT output 7.5 kHz

. el ez
Calorimeter Endcap / xtended coverage ton
https://cds.cern.ch/record/2293646 e < 4

* 3D showers and precise timing .

* Si, Scint+SiPM in Pb/W-SS

Beam Radiation Instr. and
Luminosity, and Common
Systems and Infrastructure
https://cds.cern.ch/record/202

0886

N\ A S
MIP Timing Detector

https://cds.cern.ch/record/2296612
Precision timing with:

* Barrel layer: Crystals + SiPMs

* Endcap layer: Low Gain Avalanche Diodes

Tracker https://cds.cern.ch/record/2272264
* Si-Strip and Pixels increased granularity

* Design for tracking in L1-Trigger
* Extended coverage ton = 3.8

New paradigms (design/technology) for an HEP
experiment to fully exploit HL-LHC luminosity

08/09/19 R.Carlin Igor's Jubilee
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https://cds.cern.ch/record/2272264/files/CMS-TDR-014.pdf
https://cds.cern.ch/record/2283192
https://cds.cern.ch/record/2283193/files/CMS-TDR-018.pdf
https://cds.cern.ch/record/2293646
https://cds.cern.ch/record/2283187
https://cds.cern.ch/record/2020886
https://cds.cern.ch/record/2296612
https://cds.cern.ch/record/2283189
https://cds.cern.ch/record/2020886
https://cds.cern.ch/record/2055167/files/LHCC-G-165.pdf

Arbitrary units

What are the benefits? Some example

CMS Phase-2 Simulation 14 TeV CMS Phase-2 Simulation 14 TeV, <PU>=0
URLELELE BLELELELE DL DLELELAL AL NLURLLELE BLRLELELE BLRLELELE I R > 1:' L L B L
1 p,>10GeV, 16 <hl <28 — 8 ogi ‘m'l m"f E
E QCD muitjets, PU=200 3 L 9% pabetetee, - E
r Bz ce, PU=200 B £ o8fF + . - =
i B 7 .ce,PU=0 ) w E 4 PO E
10 o 07F . E
E 3 = £ E
F ] 0.6f- * - =
107 : —: 05 ; T + - é
F 04F S - =
0.3 - *. =
-3 E L |
10 0.2f ++ ﬁ.{»‘m*w . 3
01F- Lm L4 *Phase-2 RPC-HSCP trigger Ce, =
- —e— Phase-1 Regular u trigger (L1 Mu Open) . =
15 oL 1 | S S (NN SR ST S NN ST SR S N Y 1
o (cm) 0 0.2 0.4 0.6 0.8
ﬁGEN
Endcap calorimeters Muon system
¢ fine segmentation provides powerful e L1 trigger on delayed signals with
discriminating variables for e-ID upgraded muon readout
3 CERN-LHCC-2017-023 : CERN-LHCC-2017-012
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CMS Phase-2 Simulation ____

12 —
c F o Z— .
8 qq T NoMT rel chiso < 0.08
£ | —— MTD, o, =40 ps .
[} b t

5 1: e .::::.’:x.oo 7
1S r S o PP o ]
S 0.9 e .
o r R ]
0.8f * .
0.7~ =
0.6F .
tnl<1.5 : .
0% 70 20 30 40 50 60 7
Muon p_ (GeV)

MIP timing detector

¢ Improved efficiency of the
isolation selection for leptons

CERN-LHCC-2019-003

0
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~10’000 tracks per collision bunch ‘

BARREL
~40m?
s ~332k

oo SOty it - 30 ps timing — the extra independent parameter
makes the difference

- @ PU=200 Vertex density ~2 vertices/mm

ENDCAPS

Surface ~15m?
Number of channels  ~ 4000k

= - Unfold pile-up = sort 180ps collision area
into "30ps blocks

e Thin layer between tracker and calorimeters
e  MIP sensitivity with time resolution of 30-50 ps

e Hermetic coverage for [n|<2.9

08/09/19 R.Carlin Igor's Jubilee 29



Delayed jets and Photon:

In HL-LHC CMS is planning to use precision timing
information from all calorimeters and MTD, achieving
"4 dimensional” reconstruction

But we are already using timing now
= Jet timing using ECAL
= Long-lived gluinos give rise to jets from displaced vertex
= Delay due to differences in velocity and in path length
= uses median time of all ECAL cells in the jet cone
= Photon timing using ECAL

= Long-lived neutralinos decay to a photon and a graviton
= requires precise calibration of ECAL timing and resolution

08/09/19 R.Carlin Igor's Jubilee
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—~ 20
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-100
I
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000! ol o rnnllog Ll
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37 o (13 TeV R
10* E T T —
E CMS 95 % CL upper limits 3
10°E PP>§5 §>g+G o Ovserved =
F m,=2400 GeV - Expected median £ 10, iment

CMS displaced jets (36 fb™)

...... NLO4NLL Gypeqry (PP — § 8)

95% CL upper limit on cross section (fb)

-
o
3

10% 10° 10* 10°
T, (mm)

significant extension of sensitivity w.r.t.
delayed jets tracker-based searches
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High Granularity Calorimeter (HGCAL)

LT

HL-LHC operation requires replacing CMS End-Cap Calorimeters

wiUl —

Granularity and sampling are driven by Technical constraints,
Physics performance requirements in HL-LHC environment
and the need for an affordable solution

08/09/19 R.Carlin Igor's Jubilee
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[ [ [
High Granularity Calorimeter (HGCAL) Qs
< \\
7/ 2 = |
New detector features: =/
Radiation tolerance (up to 3000 fb 1) j
Dense calorimeter (preserving lateral =% i
23170 | ) i
Fine lateral granularity (two shower ises 2
Fine longitudinal granularity (energy . / J
resolution, pattern recognition, pile- 5 "\"
Precise measurement of the time of “\ﬁ*{ = S
high energy showers (pile-up Lo .
rejection, identification of the vertex “_’“m
of triggering interaction) ;_'3;0 - ;
159 || ] -8 1 2 ||
- —'\'_* - —w:s—w,s agl:cdﬂftf:_ﬂold 3135
S — N : ;

compactness)

separation)

up mitigation)

EM Cal ... Less conventional structure
* Pb/SS absorbers are part of cassettes
* Cassettes stacked directly on top of each other || * Active detectors (cassettes) inserted into gaps

Hadron Cal ... Conventional structure
» Steel absorber plates with gaps

08/09/19
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A Silicon Calorimeter?

~
o
\ EUF """ 3" AR/ ANTCATION ENR NTICT EAR RESEARCH
)

& CERN
. S LIBRARIES, GENEVA CERN/DRDCY1-54
\LOTRE l DRDC/P34
3P January 13th, 1992

o nane SO0 = Silicon Hadron Calorimeter, not a
3I-%¥A Silicon Hadron Calorimeter module operated in a Comp|ete|y new i de a

strong magnetic field with VLSI read out for LHC
= Was proposed in ‘92 by RD35 with

F. Carminati, M. Della Negra, S. Giani, M. Glaser, A. Hervé,

o B, Guneva. Serand.+ 171 Vervelh Igor as joint Spokesperson!
e TR e M . A diff h luti
S Kt V. Lok’ 3 Lononi . Laoomov. . Melsaort 1 Moo ifferent (cheaper) solution was

M. Milvidsky!, V Minashkin, D. Peshekhonov,V. PetrovZ, A. Rashevsky, I. Savin,
S. Sergeev, N. Shumeiko2, A. Sidorov!, N. Susova, A. Vasilesku, E. Verbitskaya®,

oo . Swcwich, . Sidorons, N. Smiom, . Voo, £ Vbl chosen with brass/scintillator, but

Joint Institute for Nuclear Research (JINR), Dubna, RSFSR

A.Bldin, M. Bossiln . Bori, A Caocs, . v, . DAlesani . Gl now with the extreme needs from
i eri pillantini

Dipartimento di Fisica dell'Universitd and INFN Sezione di Firenze, Italy

M. Acciarri, P. G. AvanziniS, A. Baschirotto, S. Benetti, G. Cai®, R. Castello, C. Furetta, HL-LHC that SO|Ut|on IS baCk

A. Golas. P. Menniti6, R. Paludetto, S. Pensotti, S Pizzini, P. G. Rancoita, M. Rataggi and

e Ssione & i, = And the studies of RD35 also paved
H. R. Brashear, C. L. Britton, H. O. Cohn and R. Todd .
Oak Ridge Nasioai Laborsioy, Oak Ridg, U.. A the way for the Si-based pre-
PR criing 3.0, s o = e g IO h installed in the CMS ECAL
P. Berridge, S. Bemridge, W. MB\:ﬁ.AY"‘SDn H. J. Hargis, R. Kroeger, L. Tsveybak S Ower Ins a e e

Physics Dept., University of Tennessee, Knoxville, U. 5. A e n d C a p S

Smncso G Wllulandc E. Wulz
HEPHY, Osterreich der Wi haften, Vienna, Austria

* Joint Spokesmen
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Conclusions

= CMS is doing very well on operations, present upgrades and data
analyses, and it is getting ready for the future, with a challenging and

very interesting detector upgrade

= |gor Golutvin, one of the founding fathers of the experiment, has been
a strong member of the collaboration, contributing with his team to
build and upgrade some of our key detectors and one of the computing
Tier 1 centres

= So we owe a lot to Igor, who is an active member of our
collaboration, and it is remarkable that we celebrate his
jubilee always mentioning the future!
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