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CERN and the High
Luminosity LHC Project .

AN EVENT FOR
COMPANIES WILLING

TO TAKE ON THE HL-LHC
TECHNICAL CHALLENGES

Paul Collier
22 May 2017

Science & Technology
@ Facilities Council



= 2500/ Stalf: i
= 1800 otherpaid personnel

~ 13000 scientific users &
Budget (2017) ~ 1100 MCHF
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Member States: Austria, Belgium, Bulgaria, Czech Republic, Denmark, Finland,
o France, Germany, Greece, Hungary, Israel, Italy, Netherlands, Norway, Poland,

Portugal, Romania, Slovak Republic, Spain, Sweden, Switzerland and

United Kingdom

Associate Member States: India, Pakistan, Turkey, Ukraine
Associate Members in the Pre-Stage to Membership: Cyprus, Serbia

Applications for Membership or Associate Membership:
Brazil, Croatia, Lithuania, Russia, Slovenia
@\ Observers to Council: Japan, Russia, United States of America;
/) European Union, JINR and UNESCO



& |.Z " " CERN
p—— The United Kingdom and CERN @

» Founder member of CERN (1954)

» Leading role in setting experimental agenda

» Participates in all four LHC experiments, non-LHC
(ISOLDE,AD, nTOF ...) and a strong partner in the
GRID

. Peter Higgs visiting LHC
» More than 900 registered users

Including ~ 300 PhDs, ~ 200 PhD students,
engineers, technicians, etc.; 24 institutions

at Sci-Tech Daresbury and at Harwell

» Leading role in public outreach




High Energy physics is international

By nature: By necessity:
science has no national borders pooling resources to afford large facilities
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LHC (Large Hadron Collider)

14 TeV proton-proton accelerator-collider R
built in the LEP tunnel

Lead-Lead (Lead-proton) collisions

1983 . First studies for the LHC project

1988 . First magnet model (feasibility)

1994 . Approval of the LHC by the CERN Council
1996-1999 : Series production industrialisation

1998 . DUP & Start of civil engineering works
1998-2000 : Main production contracts signed

2004 . Start of the LHC installation

2005-2007 : Magnet Installation in the tunnel
2006-2008 : Hardware commissioning
2008-2009 : Beam commissioning and repair

2010-2035: Physics exploitation
2010-2012 :Run1l;7and8TeV
2015-2018 :Run2;13TeV
2019 — 2020 : LIU installation
Lﬂ 2021 - 2023 :Run3
2024 — 2025 : HL-LHC installation
HiLumi ’ 2026 — 2035... : HL-LHC operation

HL-LHC PROJECT

CE/RW
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LHC:

technological challenges

The specifications of many systems
were beyond the state of the art.

Long R&D programs with many
Institutes and industries worldwide.

-The highest field accelerator magnets: 8.3 T (1232 dipole magnets of 15 m)
-The largest superconducting magnet system (~10°000 magnets)
-The largest 1.9 K cryogenics installation (superfluid helium, 150 tons of LHe to cool 42’000 tons)
-Ultra-high cryogenic vacuum for the particle beams (1013 atm, ten times lower than the Moon)
-The highest currents controlled with high precision (up to 13 kA)
-The highest precision ever demanded from the power converters (parts per million level)
-A sophisticated and ultra-reliable magnet quench protection system
(Energy stored in the magnet system: ~10 Gjoule, in the beams > 700 MJ)

7 22 May 2017 CERN and HL-LHC, P. Collier 6



LHC engineering & technology are also international
100 major high-tech industrial contracts

m Magnets and magnet componen
4 Superconductors

® Electrotechnical equipment

¢ Power converters

<+ Cryogenics

4 Vacuum

CERN
\\__/ 22 May 2017
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Industrial procurement: Strategy, constraints,

management

o Legal/regulatory framework

>
>
>

CERN purchasing rules
Seeking « fair return » among CERN Member States
Handling special « in-kind» contributions

o Call for tenders

>
>
>

Selecting the right companies
Building know-how & maintaining interest through prototyping, pre-series and series

Technical specification: functional & interface versus build-to-print; Identify what can
be done by the industry and what needs to be done by CERN (costs and risks:
breakdown, assembly, performance responsibility, ...)

o Industrial Contracts T

>

VV V V V

Split: security of supply & balanced return versus additional follow-up @"gﬁ . —
(multiple contracts ; n+1 strategy : prototype and series) i

Intermediate supply & logistics S ey Asaunamce pocscy

AND PROIFCT ORGAN TSATTON

(to ensure the supply of sensitive components)

JIT (Just In Time) versus production buffer & sorting -
Industrialization, production ramp and de-ramp == ===
Quality and inspection (a shared QAP is essential) S e, | B

22 May 2017 CERN and HL-LHC, P. Collier
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Run 1: 2010-2012: a rich harvest of collisions

CMS Integrated Luminosity, pp

Data included from 2010-03-30 11:21 to 2012-12-16 20:49 UTC

[
n

Total Integrated Luminosity (b ')

w2010, 7 TeV, 44.2 pb '
w2011, 7 TeV, 6.1 b '
w— 2012, 8 TeV, 23.3 b

announcement

22 May 2017 CERN and HL-LHC, P. Collier
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2 ~30 fb

~ 2 101 collisions

2010: 0.04 fb-?
7 TeV CoM
Commissioning

2011: 6.1 fb'?

7 TeV CoM

... exploring limits
2012: 23.3 fbt

8 TeV CoM

... production

7/ TeV in 2010-2011

and
8 TeV in 2012




Run2: 2015-2018: Production at 6.5 TeV//beam

40
Peak luminosity > 1.4 x 1034 cm-—2s-1
35
~— 30
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Ingredients for the excellent results in 2016:

e Building on 2015 as the year to commission the machine at this energy

e High machine availability (many HW issues fixed)

e High luminosity lifetime (improved knowledge of machine parameters for operation)
* High peak luminosity (small beam size from injectors and stronger focussing)

Still room for improvement in 2017 & 18

* More bunches, higher bunch intensity, stronger focussing

* Aim for another ~90 fb-! delivered by end of 2018

22 May 2017 CERN and HL-LHC, P. Collier



Run 2 and Run 3

2015 2016 2017 2018

J|FIM|AM|]|]|A|S|O|N|D|J|FIMAM|]|]A|S|OND|]|FMAM|]|IAS|ION|D|]| FIM|AM|]I|]|AIS|OIN|D

Shutdown/Technical stop 150 b1
Protons physics
Commissioning

Ions 300 fb?
2019 2020 2021 2022 2023

J[F[M[A[M[I|I|A|S|O|N|D}I|FIMIAIM[I|I|A[S[O[N[D] I |[F[M[A[M]|I|I|A|S|OIN|D}I|FIMIAM|I|I[A|S[O[N[D}I|F|M|A[M]|I|I]A|S|O|N|D

LS2
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Why High-Luminosity LHC ?

# LHC IntL (fbA-1)  EHL-LHC IntL (fbA-1)
3500
. B 2 implemeniing HL-LHC
»500 ... N
2000 .l Almost a factor 3
1500 H \
1000 | a ***qﬁ amd By continuous
I*,.,*#* performance improvement
200 1 ot + 9 and consolidation
seeseese®? . .
2010 2015 2020 2025 2030 2035 Around 300 fbl the
present Inner Triplet
Goal of HL-LHC project: magnets reach the end of
e 250 — 300 fb1 per year their useful life (due to

radiation damage)
and must be replaced.

« 3000 fb-tin about 10 years

CE/RW
\
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The HL-LHC Project ek

r"- 2t’ R [ ] [ ] L]
-.07) CIVILENGINEERING «crner cavmes (VSR Major interventions on more than
Qi ok o =
- 1.2 km of the LHC

and CMS experiments to tilt the
beams before collisions.

* New IR-quads Nb;Sn
(inner triplets)

* New 11 T Nb,Sn (short)
dipoles

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.

* Collimation upgrade
e Cryogenics upgrade
* Crab Cavities

* Cold powering

140,000

I L L
SUPERCONDUCTING LINKS - * Machine protection
Electrical transmission lines based on a A I
high-temperature superconductor to carry o
i I
O o noar ATLAS ana VS, | & 100,000 I e ...
¥ s0000 |
E [
E 60,000 .
% 10000 | Cost to Completion
E

I Material : 950 MCHF
; I Personnel: 1600 FTE-years

2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026
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HL-LHC — ESFRI Landmark — Roadmap 2016

P I ESFRI ROADMAP 2016

PART 1 PART 2 PART 3 ANNEXES

PHYSICAL SCIENCES & ENGINEERING

< An upgrade of the highest- HL-LHC
energy particle collider in the

world for exploring new
physics

High-Luminosity Large Hadron Collider

TYPE: single-sited

European Strategy Forum COORDINATING ENTITY: CERN

MEMBER COUNTRIES: AT, BE, BG,

on Research Infrastructures CH, CZ, DE, DK, EL. ES, Fl, FR, HU, IL.
IT, NL, NO, PK, PL, PT, RO, RS, SE,
SK, TR, UK

PARTICIPANTS: See

ACCELERATOR COLLABORATION

ATLAS COLLABORATION

CMS COLLABORATION

Description

TIMELINE
- ESFRI Roadmap entry: 2016 The Large Hadron Collider (LHC) at CERN is the highest-energy particle collider in
- Preparation phase: 2014-2017 the world. The ATLAS and CMS experiments at the LHC have provided the
«+ Construction phase: 2017-2025 breakthrough discovery of the so-called Higgs boson. This discovery is the start of a

The 29 ESFRI Landmarks which have now reached the implementation phase are pan-European hubs of scientific
excellence, generating new ideas and pushing the boundaries of science and technology. They are important pillars
of European research and innovation for the next decades and they will require continuous support to fulfil their
mission and ensure their long-term sustainability.

22 May 2017 CERN and HL-LHC, P. Collier



LHC .
Run 1 | \ Run 2 | ' Run 3
LS1 13 TeV EYETS 13.5-14 TeV 14 TeV 14 TeV energy
Injector Pt&pgr:do 507 xl
consolidation nt imi -
7 TeV 8 TeV .mn collimators owlmnm »cn :r'argll}on HL-LHC {L%’?rl\noiﬂy
m— R2E project P2-P7(11 T dip.) regions installation

Civil Eng. P1-P5

-——_/
radiation
2 x nominal lum 'udwal:nage ex' ‘ment
SApARen S | e 4 | upgrade phase 2

N ey phase
e

300 fbt 3000 fbl [

Today

Lay-out, permits,

Civil engineering tenders,
preparation

Excavation Surface buildings
period

Components Prototypes/Spec Installation

Specifications FAV Installation

Tech Infrastructure
FAV = Fabrication, Assembly and Verification

22 May 2017 CERN and HL-LHC, P. Collier
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HL-LHC and industry

» The High Luminosity project seeks industrial suppliers and
collaborations to start the construction phase and make the
High Luminosity upgrade.

» CERN aims at fostering R&D collaborations and knowledge
exchange also with SMEs, a perfect opportunity to match
their capacity with the requirements of HL-LHC

» Next 4 years there will be intensive prototyping and the
production of some of the first series of components.

» For CERN: understanding industry capabilities and the know
how that could come from industry is the best way to
specify equipment that can be built by industry

» For industries: understanding CERN needs are crucial to
tender successfully.

CE/RW
\
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HL-LHC and industry

Provide timely information of what CERN requires
and for when

A clear list of what CERN will need, their main
characteristics and when the tendering process will
start with easy access to the documents

https://project-hl-lhc-industry.web.cern.ch

CE/RW
\ CERN and HL-LHC, P. Collier
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https://project-hl-lhc-industry.web.cern.ch/

HL-LHC Industry ~ NttPS://project-hl-lhc-industry.web.cern.ch

Home General Info

Building tt

TENDERING FOR HL-LHC
The HL-LHC Industry W Calls for tenders for HL-LHC
ambitious project. We w4
to accomplish this major
The industry will have a
main source to provide ti
upgrade of the LHC.

The HL-LHC will collabGrore—rrror oy —rpe=—or ~
technology to be developed during the HL-LHC project will nf

The Large Hadron Collider (LHC) at CERN #at the Francq
instrument ever designed and built for scientific research.
since 2010, attracting a global user-community of more than

After only a little more than one year of operation, on 4th Ji
could announce the first major discovery: the long-sought

22 May 2017

I l | II Industry Relations and Procurement Website for the HL-LHC project
L

Search this site Search

HL-LHC Industry

Industry Relations and Procurement Website for the HL-LHC project

m GEI‘Eml hﬁ) pmcu'ement Gveniew m

WORK PACKAGES &

WP9 - Cryogenics

'WF1 - Project Management &
Technical Coordination

WP Leader: Serge Clandet#
'WP2 - Acceleratos Physics and

Performance Main WP Engineers: Daniel Berkowitz ¢, Krzyztof Brodzinski#, Laurent Delprat ¢, Gerard Ferline, Lionel
Herblin #, Rob Van Weelderen#

WP3 - Insertion Regions Magnets

WE4 - Crab Cavities & RF Technologies: Cryogenics systems for HL-LHC, Electronic, electrical equipment and instrumentation for
WP - Collimation accelerators

WPES - Cold Powering Main materials:

WPEB - Warm Powering Key external factors: Radiation, 1.0 K

WP7 - Machine Protaction

WPE - Collider-Experiment Interface

WPg in a nutshell # {Please note that info provided in this document is subject to be changed. Mentioned quantities,
WP - Cryogenics materials, parameters, etc. may change along the design and/or manufacturing process of the equipment)
WP10 - Energy Deposition & Absorber

WPg Main Activities#

:D:Imi :qmme Next 18 months procurements needs«# (Access restricted to ILOs)
WP1Z - Vacuum

WP13 - Beam Diagnostics

WP14 - Beam Transfer & Kickers
WP15 - Integration & (De-)Installation
WP16 - Hardware Commiszioning

WP17 - Infrastructure, Logistics and

Civil Engineering

CERN and HL-LHC, P. Collier




CERN Procurement is not Just for HL-LHC

Activities in 2016 vs 2015

T 00| o

. Supplies 341 MCHF 297 MCHF
Supplies by
type, 2016 Services 147 MCHF 126 MCHF

Design studies -
s

Miscellaneous supplies,
Miscellane 26
photo equ
vehicle:
furniture,
public

Vacuum low-temperat
technology, 33

Over the coming
years, CERN’s
spending will

increase mainly

nic

Computer systems and radiofrequency d u e tO H L- LH C
communication, incl. equipment), 37

Mechanical structure - rental and maintenance,

Supplies & manufacturing 32
techniques, 33

CE/RW
\
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“CERN should undertake design studies for accelerator projects in a global
context, with emphasis on proton-proton and electron- positron high-
energy frontier machines.”

G+
‘? Legend

ORCANIATION FLBOPEINNE POUR LA BROMEROME VUCLEAS
==mm CERN existing LHC

CERN 108001 AN ORGANZATION FOR NUCLEAR BISAROH
Potential underground siting :

eses CLIC 500 Gev
* ssse CLIC1.5TeV
ssee CLIC 3 TeV

Jura Mountains

A MuLT-TeV LINEAR COLLIDER
BASED ON CLIC T HNOLOGY

Highest possible energy ete
with CLIC (CDR 2012)
International collaboration

cw
\ 22 May 2017 CERN and HL-LHC, P. Collier 21



Future Circular Collider Study
SCOPE CDR and cost review for the next ESU (2020)

Forming an international
collaboration to study:
* pp-collider (FCC-hh)

—>defining infrastructure requirements

~16 T = 100 TeV pp in 100 km
~20T = 100 TeV pp in 80 km

* e*e collider (FCC-ee) as . Schematic of an
\ 80 - 100 km

g long tunnel

potential intermediate step
* p-e (FCC-he) option
* HE-LHC pp ~ 28 TeV in LHC




Conclusions HILUM]

Cooperation with industry is essential from early stages of the
project in order to achieve success within business constraints
» Develop and maintain interest in a one-off, technically risky supply

» Series production of innovative items at market prices
» Competition with other products/markets

3

Industry will have a crucial role and will be heavily involved
within the HL-LHC Project since it will be the main source to
provide the technologies and equipment that are required to
successfully achieve the goals of this upgrade of the LHC.

https://project-hl-Ihc-industry.web.cern.ch
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