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Main topics

An European or a/Worldwide success?
\
A Laboratory for Physicists or Technologists?

A vibrant R&[) on b)eakthrough technologies!

Any Obstacle o Theoret+e|an S dreams”?
Longest géhésis and Ilfecycles'

At the crossing of the roads?
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An European or a Worldwide success?
Amongst the major accelerator complex worldwide!
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An European or a Worldwide success?
Amongst the major accelerator complex worldwide!
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An European or a Worldwide success?
Amongst the major accelerator complex worldwide!
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An European or a Worldwide success?
Amongst the major accelerator complex worldwide!
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An European or a Worldwide success?
Amongst major Instruments of Humanity!
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Courtesy of CMS and ATLAS Collaborations



Courtesy of CMS and ATLAS Collaborations
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A Laboratory for Physicists or Technologists?

uniting people CERN Mission

Research

O Push back the frontiers of knowledge

E.g. the secrets of the Big Bang .. i \H‘g&ter like within
the first moments of the Unlve\@s y O

Develop new tech@g"/ C ERN

Brain Metabolism in Alzheimer’s
Disease: PET Scan

d
and detectors
Information tech nology/-/
Medicine - diagnosis and therapy
Research N
O Train scientists and engineers of tomorro‘yjj
O Unite people from different countries and Lo
cultures =
CERN e amazin erformances : M. Jimenez
\j ;—Zd CERN’gergit[))‘utSre. Febiy CERN, Technology Dep;rz{\/ieJntHead 1



A Laboratory for Physicists or Technologists?
Medium term plan guid/i/}é principle

Driven by Science and aiming at implementation of
European Strategy for Particle Physics.

Takes into account technical feasibility and financial
affordability:

Ensure adequate resources for maintenance and
consolidation of scientific and general infrastructure,
and for compliance with Safety requirements.

Next 10 years dominated by construction of High
Luminosity LHC project (HL-LHC) ~950 MCHF.
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A Laboratory for Physicists or Technologists?
Three main scientific pﬂl S

- Full exploitation of the LHC:

« successful Run 2, LS2, and Run 3 start-up.
. Upgrade of LHC Injectors; on-track construction of HL-LHC.

- Scientific diversity programme serving a broad community:
- _ongoing experiments and facilities at Booster, PS, SPS and their upgrades.
. participation in/accelerator-based neutrino through CERN Neutrino Platform.

- Preparation of CERN’s future:
« vibrant accelerator R&D programme exploiting CERN’s strengths and
uniqueness.
. design studies for future accelerators: CLIC, FCC (includes HE-LHC).
« _future opportunities of diversity programme: “Physics Beyond Colliders”.

Important milestone: update of the European Strategy for Particle
Physics (ESPP) in 2019-2020.
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180 LITIC 2916 I'?UN I(6.5 :I'eV/tl>earr?)
2016 LHC : Production year S
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Peak luminosity > 1.4 x 1034 cm-2s-1
OVER 25 fb! in both ATLAS and CMS

Peak luminosity (10 cm?s™!)
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LHC integrated luminosity by year 20 ]
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Month in 2016
Pre-Cycle
30 2%

Stable Beams
49%

N
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Fault / Downtime
26%
Operations ]

23%

=153 days physics =3738.7 hours

Projection 2016
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Integrated luminosity [fb]
—_ N
o o

Duration [h]

5 Stable Beams | 1839.5

2011 / Fault / Downtime | 980.0
. 2015 Operations | 857.9
20Apr  14-May  7-lun 1-Jul %u  18Aug  11Sep  5-Oct  290ct  22-Nov Pre-Cycle | 61.3

TS1 - TS2 : stable beams 58 %

TS2 - TS3 : stable beams 54 %



2016 p-p physics — ALICE and LHCb

with luminosity leveled at their required values during the p-p fills
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LHC Goals of p-Pb run surpassed
| Configuration | Goal |  Achieved

5 TeV p-Pb ALICE 700x108 min bias 780x106
( Ebeam=4 ZTeV) events

8 TeV p-Pb ATLAS - CMS 50 nb-’ 69.5 - 65.5 nb""!
=6.5Z TeV) LHCb - ALICE 10 nb-! 14 - 13 nb-'
LHCf 9-12 h at 1028 cm-2s™" 9.5 h
8 TeV Pb-p ATLAS - CMS 50 nb-" 124 - 118 nb-"!
( Epeam=6.5 Z TeV) ALICE - LHCb 10 nb-! 25 - 19 nb-"

(E

beam

LHC Pagel Fill: 5559 E 6499 Z GeV t(SB): 02:25:27 30-11-16 15:10:56

6499 Z Gev LS 6.71e+12 I(B2): 1.89e+13

Inst. Lumi [(b.s)A-1] IP1: 576790.15 IP2: 78805.29 IPS: 556116.04 IP8: 58232.44

FBCT Intensity and Beam Energ Updated: 15:10:56 Instantaneous Luminosi pdatect 15:10:57
= = = = = = = = = = = 55— —5—7 s
18E13 leoce B2 ess L = 9. X 10 cm-s
16€13 | o
Lsono 5 7
L4E13 sl; o

-
§r= +ao00 S % ses
1E13 | S ~
zl = s
Fao00 SR 2
se12 H BEET
H E
6£12- L2000 JE 265
£
4612 i 2 165 S

r1000 A
2612 1 DED =T T T T
16:00 19:00 2200 0100 0400 07:00 1000 1300
— ATLAS AUCE — (M5 LM

Intens

DEQ T y T T T T
1600 19:00 2200 01:00 04:00 07:00 1000 1300

BIS status and SMP flags
Comments (30-Nov-2016 15:04:18) Link Status of Beam Permits

CMS Y scan #2 Global Beam Permit
next: CMS X scan #2

Setup Beam
after: ATLAS program part 2 e

Beam Presence

(iE/RW The amazing LHC performances Fill for VdM scans L e

Fet Stable Beams
AFS: 100_200ns_540Pb_684p_513_224_162_20inj PM Status B1 [T 1IES
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A Laboratory for Physicists or Technologists?
LHC Roadmap

LS2 startingin 2019
LS3 LHC: startingin 2024
Injectors: in 2025

=> 24 months + 3 months BC
=> 30 months + 3 months BC
=> 13 months + 3 months BC

I Physics

- Shutdown
Beam commissioning

- Technical stop

2015 2016 2017 2018 2019 2020 2021
Q1,Q2 @3{Q4|Q1.Q2/03,04|Q1{Q2/Q3:Q4|Q1{Q2/Q3/Q4|Q1 Q2{Q3 Q4|Q1}02 Q3!04|Q1 Q2 2304,
LHC r
Injectors Run 2 LS 2 LIU installation
- PHASE 1
2022 2023 2024 2025 2026 2027 2028
a1 |a2a3]e4|a1]az]a3]a4|a1}a2[a3]a4]a1 |a2[a3]e4|a1]az]a3 a4 a1 | (03 a4]a1 [a2]a3]04
LHC Run 3 S ] Run 4
Injectors .
® > HL-LHC installation o—— PHASE 2 >
__________ 2029 2030 2031 2032 2033 2034 2035
Q1c2i23i04]aQ1 | @2ia3|4]Q1]{Q2 |@3]a4|a1[Q2 @3la4|a1|2lws w4|a1la2 3]a4]al @2 a3]a4
LHC
. LS 4 I Run 5 LS 5 I
Injectors




A Laboratory for Physicists or Technologists?
Integrating a dimension of Scientific diversity...

1 TeVic




A vibrant R&D on breakthrough technologies!

Fundamental role of accelerators

» Using electrical fields (RF cavities) to accelerate and
magnetic fields (accelerator magnets) to guide and collide
charged particle beams (electrons, protons & anti-
particles)

» Aim at higher energy accelerators for 2 reasons:
» Production of new heavier particles (according to
Einstein): E = mc? < 2E beam (collider)

» Resolving smaller distances (according to de Broglie):
Wavelength A = hc/E for LHC ~ 2-:10%8 cm

Higher energy — Increased potential for discoveries
)

N7/



A vibrant R&D on breakthrough technologies!

Fundamental role of Colliders
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A vibrant R&D on breakthrough technologies!

LHC Injectors Upgrade Project Present || LIU (2021)
CMS v v
| 50 MeV__ Linac2 Linacd
e i 160 MeV inac
1.4 GeV PSB \l/
SPS ee—— . ~7 |-
N _|20cev PSB
. ATLAS CNGS Ny B e
?t TT60 B Gransasso QC)
' o) N
AO_accelshema-lin | 112 , 5 [ 26 Gev PS |[PsS ]
HEl
East A O
| k. [SPs ]
n=ToF @  =S=N®N ~7FZ __FS> N  eeeseenant
2001 | X ' .
i % ; LHC /
= ;N 7 TeV HL-LHC
4

LIU Mandate - DG-DAT-2010-5
The LHC Injectors Upgrade should plan for delivering reliably to the LHC the beams required for
reaching the goals of the HL-LHC. This includes Linac4, the PS-Booster, the PS, the SPS, as well as
the heavy ion chain.
The project co-ordinator will have the responsibility for the project management (WBS,
technical co-ordination and integration, manpower and budget agreement with the
departments as well as budget and timescale control). They will report on a regular basis to the
Director of Accelerators and Technology. The executive role for manpower and budget for the
projects/studies remains with the technical groups in the departments.




A vibrant R&D on breakthrough technologies!
Vectors of technology! the High Luminosity LHC (HL-LHC)

CIVIL ENGINEERING “CRAB” CAVITIES
2 new 300-metre service tunnels and 16 superconducting ,.crab®

2 shafts near 10 ATLAS and CMS. cavities for each of the ATLAS
and CMS experiments to tilt the

beams before collisions.

| Cryo@P1-P5

Ve
;

4

FOCUSING MAGNETS
12 more powerful quadrupole magnets
for each of the ATLAS and CMS
experiments, designed to increase the
concentration of the beams before

collisions.

\\\\\\ll "/,/A-

.

Beam diagnostics

BGV : . S

‘\\‘\“”’r

SUPERCONDUCTING LINKS BENDING MAGNETS

Electnical transmission lines based on a COLLIMATORS 4 pairs of shortor and more
high-temperature superconductor to carry 15 to 20 new collimators and 60 replacement powertul dipole bending magnets

current 1o the magnets from the new service oollimators to reinforoe machine protection. to froo up space for the now

tunnels near ATLAS and CMS. collmators.




A vibrant R&D on breakthrough technologies!

Vectors of technology! the High Luminosity LHC (HL-LHC)

Connectionto LHC (UL) Service gallery (UR)

UA Gallery Service cavern: ‘ ‘

BBLR ‘ SC liinks
I Collimators 1
~ *‘ ‘
m:" k.

\Dﬂha r— |
Crab cavities F‘%\
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A vibrant R&D on breakthrough technologies!

Vectors of technology! the High Luminosity LHC (HL-LHC)

Focusing Quadrupole

e il e

—

=
Ne}

Ult.: 17.89 k&, 143.2 T/m, 12,3 T

Quench current (kA)

-@-MQXFS1, 1.9 K, 1st thermal cycle
--MQXFS1, 1.9 K, 2nd thermal cycle
-4 MQXFS1b, 1.9 K, 1st thermal cycle

-©-MQXFS3, 2.1 K, 1st thermal cycle

11 13 15 17 19 21 23 25 27
Training quench #




A vibrant R&D on breakthrough technologies!

Vectors of technology! the High Luminosity LHC (HL-LHC)
1

UA gallery

Service cavern

hBLR) .(~r. ‘ IS

Q4 |




A vibrant R&D on breakthrough technologies!
Vectors of technology! the High Luminosity LHC (HL-LHC)

Cooling & ventilation

Safe room

Transformers

Ventilation & smoke-
extraction ducts




A vibrant R&D on breakthrough technologies!
Vectors of technology! the Future Circular Collider (FCC)

FUTURE CIRCULAR COLLIDER (FCC) - 3D Schematic

Underground Infrastructure - Single Tunnel Design
John Osborne - Charlic Cook - Joanna Stanyard - Angel Navascués

o . mage © 201 3:DIgNAIGIONE
LHC HE-LHC baseline FCC-hh baseline FCC-hh
27 km, 8.33 T 27km,16 T 100 km, 16 T 80km,20 T
14 TeV (c.o.m.) 26 TeV (c.o.m.) 100 TeV (c.o.m.) 100 TeV (c.o.m.)
1300 tons NbTi 2500 tons Nb;Sn 10000 tons Nb,;Sn 2000 tons HTS

8000 tons LTS

CE/RW
.
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A vibrant R&D on breakthrough technologies!
Vectors of technology! the Future Circular Collider (FCC)
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A vibrant R&D on breakthrough technologies!
Vectors of technology! the Future Circular Collider (FCC)

CELLS, Coordination of the EuroCirCol WP4 Cryogenic beam vacuum system
conception (CELLS, CERN, CIEMAT, INEN, KIT, STFC) and Study beam-induced

vacuum effects.

CIEMAT, participation on EuroCirCol WP4/5: conceptual design for cryogenic beam
vacuum system; study accelerator dipole magnet design options. Common caoill
magnet design, key performance indicators, dipole magnet cost model.

Consortium Project association between ICMAB, IFAE and CELLS : evaluate the use
of high temperature superconducting coated conductors tapes for the beam screens
(low surface impedance and high superconducting properties).

First FCC-hh beam screen prototyp‘

Ttw€7 ANKAwuhr C
) N -

Lo
g Schematic of an
g 80-100 km

R .
== Photon distribution
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7 LA wbrant R&D on breakthrough technologies!
= VVectors of technology’ the Compact L/near Co///der (CLIC)

Potential underground siting : L

LIC 380 Gev

%ﬁ ‘ :"" . :
g ‘%tﬁ.‘,

"‘“E‘ﬁ;} .
T S nghest pOSSIble energy e‘*e-
o with CLIC (CDR 2012)

{s"
Multi-lateral collaboration
7 ‘s’ Vf 5 R R %
o AT R EEE Y3
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A vibrant R&D on breakthrough technologies!
Vectors of technology! the Compact Linear Collider (CLIC)

%E/RW The amazing LHC performances J.M. Jimenez
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A vibrant R&D on breakthrough technologies!
Detectors for the Compact Linear Collider (CLIC)

eadout ASICs i

Sensors

Cooling
s SRR i
LT ol




A vibrant R&D on breakthrough technologies!

R&D on Pixel detectors (silicium)

Cooling Ducts

Mechanical
Connector

9 Pixel Chips

Beam pipe

.
e o o
e _e o
°
. . .

Solder Balls

Flexible Printed Circuit




A vibrant R&D on breakthrough technologies!
R&D on detectors: futures calorimeters
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A vibrant R&D on breakthrough technologies!

R&D on detectors: data filtering and Computation

Energy Light Current Voltage Bits

Pipeline

I ’ >
©

/ \:\ Digital
Particula - e @
N Trigger S
s ] 55
i N\ » A » ADC : > >

::>.
s

Light Current Voltage Bits Light

PbWO, APD Floating-Point ADC\ Fiber
Crystals VPT Preamp Readout

N J N AN /

Detector Electronics Acquisition




Any obstacle to Theoretician's dreams?
Ready to digest the data avalanche?
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Any obstacle to Theoretician's dreams?
LHC Data Distribution: WLCG Worldwide LHC Computing Grid

Tier-2 sites
(about 140)




Longest genesis and lifecycles!
Phasing the Projects...

1980 1985 1990 1995 2000 2005 2010 2015 2020 2025 2030 2035

Approved
Physics Project

FCC* Study : p-p towards 100 TeV [RESERAGEAN 17T I T S AT

i Reviewed version
of CLIC CDR




Longest genesis and lifecycles!
Industrialization of the superconducting magnets...

—superconductor (tons)

units/tons

—magnets produced

—magnets tested

——magnets installed

5 -15 -14 -13 -12 - -7 -6 -5 -4 -3 -2 -1 ()]}
qa_a Year B.C.

T 0 Qualification Sca'e Series production Superconductor
QO = (1000 tonsly)

v 4 T

o) S

o o

= 2

=

]

——

o Q°

= O

Note 2: B.C. = Before the Collider
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; CERN a pecul/ar and successful mode/’
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At the crossing of the roads?
CERN: a peculiar and successful model!

Cryogenic Magnet Test Facility - —_—
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| At the crossing of the roads?

CERN a pecul/ar and successful model!
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At the crossing of the roads?
CERN: a peculiar and successful model!

Large Magnet Facmty \ \ \. -
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At the crossing of the roads?
CERN: a peculiar and successful model!
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CERN response to its challenges...

- LHC has a lot to deliver, only 2% of its potential so far..

; « Physicists and Theoreticians will continue analysing data till 2024.
~ «  Accelerator and Detector experts will be preparing the:
. - HL-LHC upgrade...
N - Technology breakthrough needed for the future generation of
= high intensity and energy beams towards discovery frontiers...
= o7 |ts vigorous scientific diversity program will complete the
Va needed global picture in Basic Science...
> . Letting Physic’s results telling us... the way to go and the
= relevant priorities!
;’ _“J"\a - v, P = r |

flrst\stable/ beams-heavy
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