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Particle accelerators like generator of very fine light
they use the «light», of quantum mechanics

Accelerators Microscopes Binoculars Optical, radio télescopes

Particle physics looks at matter in its smallest dimensions and
accelerators are very fine microscopes or, better, atto-scopes!

L=h/p: @LHC: T=1TeV = A1=1018m

CERN AC-Z711 -V11/5/98888



Accelerators also a wonderful «time macchines»

*Trip back toward the Big Bang: t =1/E?5,,

us—
t = 1 ps for single particle creation
*t = 1 us for collective phenomena QGS (Quark-Gluon Soup)

Fig 1 Snapshot of two
colliding lead ions just
after impact (simulation)
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60 years of experiments at accelerators have
discovered the set of fundamental particles
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THE MAIN COMPONENTS
OF THE LHC ACCELERATOR

Focusing MAGNET
(quadrupole)

S

I

Collisions

Accelerating CAVITY

Bending MAGNET

Vacuum CHAMBER
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CERN proton accelerator chain

CERN Accelerators

= LHC : 2x(0.45 — 7)
LHe

= SPS:26-450 GeV

= PS:1.4-26 GeV
= PSB:0.05-1.4 GeV

= Linac: 0-50 MeV

Start the protons out here
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CERN proton accelerator chain

CERN Accelerators

= LHC : 2x(0.45 — 7)
TeV \ chs

= SPS:26-450 GeV

PS:1.4-26 GeV

Start the protons out here
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SOURCE and LINAC?2

Duoplasmatron source Linac2 : in evidence the
accelerating RF structure
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Upgrade : LINAC4 (2016, in use from 2020)
H-and 160 MeV

J‘*L
Surface building =

Equipment -5 | Accelerator
4 hall P00 tunnel

‘: 'HlLuml
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PSB (Booster): 1.4 GeV

Magnetic structure of PSB Actually are four rings. Each beam
Length : 150 m IS injected in the PS
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The PS complex: injector for LHC and more...

Isolde physics

East Hall physics

LIL & EPA

.

Linac2 M ENn & E Rous 2001




SPS: 450 GeV proton beam
(in the 1980°’s worked as p-pbar)

SPS tunnel (almost 7 km) SPS complex with experimental

area
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SPS: 450 GeV proton beam
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Science IS

getting

more and
more global

Note:

CERN is
«largest US
laboratory»
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CERN & LHC




« Superconducting LHC Normalconducting LHC
Tunnel : 27 km * Tunnel 120 km

Field:8.3T e Field:1.8T

Cryoplant power at the plug: 40 * Dissipated power at
MW: always on

collision: ~ 2,200 MW
e ~70 MW for LHC.
« 150 MW for the accelerator ’ Average power (0'4
complex coefficient): 900 MW only
- 180 for the whole CERN complex for accelerator

‘ HHL-EI-%LPJHOJECTi !
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Why looking for higher and higher magnetic field?

Circular Accelerators

Epeun = 0.3 B 1 [GeV][T] [m]




Superconductors (usually pure Niobum) are used to
accelerate particles: electric fields in RF cavities
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; P Superinsulation I

/ More than 20 years to develop and build the LHC dipole magnets

- ,_’-——'

N Heat exchanger tube
Magnetic insert Tube échangeur de chaleur
Insert magnétique

Thermal shield
Ecran thérmique
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Superconducting coils
- Bobines supraconductrices

Main quadrupole bus bar
Jeu de barres de I'aimant quadripole principal

Beam pipe

P Iron yoke Tube de faisceau

. Culasse.en fer 7777

Non magnetic-¢ollars
--Colliers amagnetiques

Main dipole bus-bar
Jeu de barres de I'aimant dipéle principal

74y
/
7

Auxiliary bus-bar Bunch of 10" protons

Jeu de barres auxiliaire Beam 1, anti-clockwise

Paquet de 10" protons
Faisceau 1, circulant dans le sens
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2013 NOBEL PRIZE IN PHYSICS
Francois Englert

Peter W. Higgs

...for the theoretical discovery of a mechanism that
contributes to our understanding of the origin of mass
of subatomic particles,

and which recently was confirmed through the
discovery of the predicted fundamental particle, by
the ATLAS and CMS experiments at CERN's Large &
Hadron Collider

D
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So have we finished our quest? NO!

Cosmology tells us that we still miss the most!

Stars, Dust,
Planets 5 %

Dark Energy 68%




SUPERSYMMERTRY:
A Superworld ahead of us?

Sheding light'™0n Dark Matter?
More light to see more... &




How well works the LHC today?
LHC works very well.

We arrived at 93% of the collision energy for what LHC has been designed for.
(Maybe we will reach 100% in 2021, see a few slides after this one)

And luminosity at peak is almost double than the design of the LHC (of course there
were margins); while in integrated luminosity we are about 20% above our objectives.




Evolution of energy and luminosity in LHC.

LHC / HL-LH HLuo Y

) HL-L}
‘ Run 3 |
Ls2 14TeV Ls3 Energy stays constant
13 TeV R
splice consolidation INJECTOR UPGRADE limi
7 TeV 8 TeV l':unon collimators TDIS absorber f,,“t;","a'é‘.'ﬁon . HL'LH(_:
— R2E project 11T dipole & collimator regions installation
Civil Eng. P1-P5 _\‘
201 | 2012 | 2013 | 2014 ‘ 2015 ‘ 2016 | 2017 ‘ 2018 2019

ATLAS - CMs
experiment

radiation

upgrade phase 1 damage ATLAS - CMS Wi t h m arg_l n INcrease
beam pipes 2 x nom. luminosity 2.5 x nominal luminosity upgrade phdSe 20 — — m Em Em == -
[ nominal luminosity S| ALICE - LHCb [ —

uminosity | |/__ upgrade
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Evolution of energy and luminosity in LHC.
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LHC will reach its limit around 2023

LHC / HL'LH ‘ HL-iLI-% PHDJECTi!

LHC
Run 1 ‘ ‘ Run 2 ‘ ‘ Run 3
LS1 LS2
13 Tey_ IR 14 Tev  Energy_stays constant
splice consolidation LS LIS i
7 TeV 8 TeV l':unon collimators TDIS absorber %%g:r"agtliton
— R2E project 11T dipole & collimator regions

Civil Eng. P1-P5

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

—~ Luminosity will saturate,

ATLAS -CMS radiation

experiment upgrade phase 1 damage H H H

beam pipes 2 % nom. luminosity 2.5 x nominal luminosity — _VV_I tD mgrg ID aJ m c_:ge aS e
gg::nal nominal luminosity — | ALICE - LHCb
luminosity | upgrade

At about 2024 we will reach a few limitations (that we knew since the design time of the LHC).

- Radiation damage limit in the magnets near the experiments and inside the experiemnts (Inner Tracker especially)

- Cryogenic limit of the magnets near experiment, (IT quadrupoles), so we need to make different design to increase.
- Change triplets (and experiment IT) needs a very Long Studown — we «profit» to substantially increase luminosity

iLumi ’
HL-LHC PROJECT
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High Luminosity: a bright future for the LHC
Generate more light - machine upgrade
Better eyes to profit of higher luminosity — detector upgrade




Luminosity the main ingredients

. AN
New = Lx0os Ny O-evt @

Beam current -

energy
—— Beam
. ] size
Beam current and emittance: involve

injection chain and whole ring
B* involves «only» 2 IRs, 2x600 m

Ly= 110 cm3s!

LHC has been designed for L, with margin

All systems have ~ designed to withstand
2L, (to be achieved by increasing N, x 1.5)
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Goals of the LHC Injectors Upgrade project
Doubling protons & high brightness

CMS

North Area

SPS

T2

ATLAS

HiRadMat

2011 |
I

ELENA AD

GO >

T2

ISOLDE
East Area

T

n-ToF
E: ::I H
LINAC 2

LEIR

LINAC3

lons

 Acceleration of H- to 160 MeV
* Nominal 40 mA within 0.4 pm, Run 3
target 25 mA within 0.3 um

HL_L% PHOJECT| , Lucio Rossi - CISF19 - Milano 8 Marzo
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Goals of the LHC Injectors Upgrade prOJect ,

CMS

North Area

* 160 MeV H- charge
exchange injection
» Acceleration to 2

GeV with new mai

T2,

ATLAS

[ ELENA AD
' BOOSTER power supply an

new RF systems

D

HL_!& pnonch ’ Lucio Rossi - CISF19 - Milano 8 Marzo
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Goals of the LHC Injectors Upgrade project
J Doubling protons & high brightness

CMS

SPS

" AWAKE
2016

ELENA AD R
ml BOOSTER * 2 GeV injection

_ * New RF

" equipment
including broad-
band feedback

[
STy

lons

[ 2001 ] g
LINAC 4
neutrons
LINAC3

m&%mc!, Lucio Rossi - CISF19 - Milano 8 Marzo
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Goals of the LHC Injectors Upgrade project
Doubling protons & high brightness

J

o L

Ry CMS

|- dd
-4 B v b R |
/o A ")‘ ‘v y Norfh.Area
o= ; :a]‘ L l: i
. RF syste SPS
(200 MHZz) upgrade .
 Longitudinal impedance ’ [~ ATLAS
reduction & partial a-C - ‘50-1
coating

ELENA AD
BOOSTER

> !

* New beam dump and 24
protection devices

East Area

HHL-!HCLPJROJECTI ’ Lucio Rossi - CISF19 - Milano 8 Marzo
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Beam envelope scales as 1/\B* at IPs
HL — Reduce B* by a factor four

(503,507,507 exvelope for &y =5.02646 x 107w, €,=5.02646 x 107, o, =0.000111

can Low-B quadrupole triplet

Hil l ; Lucio Rossi - CISF19 - Milano 8
HL-LHC PROJECT
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Effect of the crab cavities: fs time accuracy!

|
* RF crab cavity deflects head and tail in opposite direction so that collision is

effectively “head on” and then luminosity is maximized
* Crab cavity maximizes the lumi and can be used also for luminosity levelling: if the

lumi is too high, initially you don’t use it, so lumi is reduced by the geometrical
factor. Then they are slowly turned on to compensate the proton burning

l! PRO{ECT|

{
o H
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EC-FP7 funded HiLumi design study 2011-15
5 ME from EU; 15 ME from CERN, 30 ME total

Short Name Country Logo Short Name Country Logo
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Goal of HL-LHC as fixed in 2010

From FP7 HiLumi LHC Design Study application

The main objective of HiLumi LHC Design Study is to determine a hardware configuration and a set
of beam parameters that will allow the LHC to reach the following targets:

A peak luminosity of L .., = 5x10°** cm™?s* with levelling, allowing:
An integrated luminosity of 250 fb™! per year, enabling the goal of
L. .. = 3000 fb! twelve years after the upgrade.

This luminosity is more than ten times the luminosity reach of the

first 10 years of the LHC lifetime.
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The main objective of HiLumi LHC Design Study is to determine a hardware configuration and a set
of beam parameters that will allow the LHC to reach the following targets:
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te performance established 2015-2016: with same har
nd same beam parameters: use of engineering margin
=7.510% cm2s! and Ultimate Integrated L., .. ~ 40
C should not be the limit, would Physics require more
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Project approved by CERN Council in June 2016




LHC / HL-LHC Plan

LHC HL-LHC

LS1 LS2 14 TeV 14 TeV

13 TeV energy
Diodes Consolidation 5to7x
8 TeV splice consolidation LIU Installation cryolimit HL-LHC nominal
7 TeV button collimators Cryo RF P4 interaction installati luminosity
R2E project P7 11 T dip. coll. reglons instaliation

Civil Eng. P1-P5

220 o N T I 1

ATLAS - CMS

radlatlon
experiment upgrade phase 1 damage ATLAS - CMS
beam pipes 2%nom, luminosity 2.5 x nominal luminosity , upgrade phase 2
75% nominal luminosity I——— | ALICE - LHCb = ¥
nominal upgrade

luminosity ]
EXd 190 fb™" 380 fb™' integrated ISR

HL-LHC TECHNICAL EQUIPMENT:

| l;),ESIGN STUDY PROTOTYPES CONSTRUCTION INSTALLATION & COMM. @

HL-LHC CIVIL ENGINEER:

DEFINITION EXCAVATION / BUILDING



Example of Physics reach in HL-LHC :
direct production of chargino-neutralino pairs

; 1000 lllllll I""l"l'l"'TTT"'ll"'IT"'l"'ll """
S 900 ATLAS Simulation Preliminary
gm- ........ ‘[l. dt = 30001 =140, 95% CL exclusion
800F- \s= 14 TeV u
— L dt =« 3000 .uuldo.Somcovory
700 3-lepton channel AN {L dt = 300 b, 1+60, 95% CL exclusion
660 i: 7.: W i? z z‘: —— J.ldl 300 1", 1480, Sa discovery

- 8 TaV, dex 203", 95% CL exclusion
- - ree .y
-
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WP1
Project Management
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High Luminosity LHC Project

NON MEMBER STATES COLLABORATIONS®

MEMBER STATES COLLABORATIONS® HL-LHC PROJECT MANAGEMENT

US HL-LHC AUP’ - USA
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LHC is already much optimized: many accelerator physics challenge:
The Achromatic Telescopic Squeezing (ATS) scheme

Small B* is limited by aperture but not only: optics matching & flexibility (round
and flat optics), chromatic effects...

A novel optics scheme was developed to reach un-precedent 3 w/o chromatic
limit based on a kind of generalized squeeze involving 50% of the ring

(S. Fartoukh)

4.0 iplbl:l')cla"_,\"/_)'=0.490/0.40(') 4.0 iplbl:{)cla"_,\‘(_)‘:O.lQO/O.lO(')
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“ = Thenew IR s sort of 8 km long !
Dealing with pushed particle beam physics, linear and non-linear optics
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and collective effects: a big challenge for “pushed electromagnetism”
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CERN May 2016

Technology landmarks

“CRAB" CAVITIES
8 superconducting “crab”

and CMS experiments to tilt the
beams before collisions.

LHC TUNNEL

BENDING MAGNETS

2 pairs of shorter and more
powerful dipole bending magnets

to free up space for the new
coliimators.

CIVIL ENGINEERING
2 new caverns and two new 300-metre
service galleries, two new large shafts;
10 new technical buildings on surface in P1 and PS
(ATLAS and CMS)

FOCUSING MAGNETS

12 more powerful quadrupole magnets
for each of the ATLAS and CMS

experiments, desi to increase the
concentration of the beams before

CRYOGENICS

2 new large 1.9 K helium refrigerators
for HL-LHC near ATLAS and CMS

COLLIMATORS
15 to 20 new collimators and 60 replacement
collimators to reinforce machine protection.

SUPERCONDUCTING LINKS
Electrical transmission lines based on a
high-temperature superconductor to carry
current to the magnets from the new service

galleries to the LHC tunnel,
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CERN May 2016

Technology landmarks

“CRAB” CAVITIES
8 superconducting “crab”
cavities for each of the ATLAS
and CMS experiments to tilt the
beams before collisions.

CIVIL ENGINEERING
2 new caverns and two new 300-metre
service galleries, two new large shafts;
10 new technical buildings on surface in P1 and PS
(ATLAS and CMS)

BENDING MAGNETS
2 pairs of shorter and more

powerful dipole bending magnets
to free up space for the new

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

CRYOGENICS

2 new large 1.9 K helium refrigerators
for HL-LHC near ATLAS and CMS

COLLIMATORS
15 to 20 new collimators and 60 replacement
collimators to reinforce machine protection.

SUPERCONDUCTING LINKS
Electrical transmission lines based on a
high-temperature superconductor to carry
current to the magnets from the new service

galleries to the LHC tunnel,
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The Insertion Region (till Q4)

Connection to LHC (UL) Service gallery (UR)
UA i;allery Service caverr\

S

SC Links

BELR Collimators

= ‘
7 i -
Q 1 DZTAN

Crab cavities

DPM=DEXD- ==

oK}
Q2b Q2a

In total about 1.2 km of the LHC will be replaced by new technologies!
Biggest HEP project of this decade, but it has a reasonable size (25-30% of
the LHC) to be a test-bed for new technologies...
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The Inner Triplet region with in-kinds

Connection to LHC (UL)
Service gallery (UR)

SC Links

Nz
ZIN

“DEX
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The MS (matching section) region with in-kinds

o fy?

UA gallery ‘

Service cavern

S - »
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Q4 e
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Collimators -
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New technology for High Luminosity LHC:

More powerful superconductlng magnets In NbSSn
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Breaklng the LHC limit: hlgh fleld magnets for H|Lum|




LHC low- quads: steps in magnet technology from
LHC toward HL-LHC

& Fermilab LK
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1992-2005 |\ & X
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LHC low- quads: steps in magnet technology from
LHC toward HL-LHC
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LHC low- quads: steps in magnet technology from
LHC toward HL-LHC
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LHC low- quads: steps in magnet technology from
LHC toward HL-LHC
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LHC low- quads: steps in magnet technology from
LHC toward HL-LHC
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New structure to accomodate brittleness of
the Nb,;Sn superconductor

RRP strand.(:85.mm,108/127) PIT strand.(.85.mm,192)
Jc: 2450 Almm? (12 14.2 k) Jc: 2450 A/mm? (12 T34.2 K)
Cu: Cu:non-Cu: 1.2

Aluminum
outer cylinder

¥ “ /, - ‘ 2, b ‘tw": ‘ -‘ .{.¥'
SC coils 3 O it LN A Sy .
(here dummy) = P 40 strands cable 40 strands cable
7 i (18.15 mm x 152 mm) (18.15 mm x"1.52 mm)

Space for
bladder
(removed) ’

Pushing
plate




HiLumi: 15 years of R&D to go beyond the technological limit of LHC Nb-Ti




With HiLumi we prepare the technology for a
future leap in hadron collider technology...

20 Dipole Field for Hadron Collider
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Year
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With HiLumi we prepare the technology for a
future leap in hadron collider technology...

Dipole Field for Hadron Collider
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With HiLumi we prepare the technology for a
future leap in hadron collider technology...
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HL LHC magnet “zoo

HX holes

Trom yoke

sonsmckmbe i
> Cooling channel .

Gl !?P wedge
0 Cail

Al shell
‘-,‘ B shoe

V. Outer collar

fron L Key

-

" Inner collar

" SSshell

. SS cullar
Cails Tron voke

Triplet QXF (LARP and CERN) Orbit corrector (CIEMAT) Separatlon dlpole D1 (KEK)

Coolng ctamel

Staness stol shed

Recombination dlpole D2 (INFN)

D2/Q4 orbit corrector (CERN)

Skew quadrgpole (INFN)

Approximately 150
single magnets and 50

cold masses for HL-LHC -
Sextupole (INFN) Octupole (INFN) Decapole (INFN) Dodecapole (INFN)
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Many magnets designed and manufactured via
collaboration

Iron field map when both dipoles are
simultaneously powered

Recent test beyond nominal ¢ Nested orbit correctors

Q4 MQYY — CEA — CIEMAT Madrid
Saclay (QUACO)

Superferric
HO Correctors §
INFN-Milano LASA = %

D2 — INFN Genova (model & full proto)

Test @ 2.17 K (1h @134.4
Ai.e. 108% nominal
current)

No-training

3 «natural» quenches
@241 A, i.e. 97% of short
sample limit 4.2 K
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Crab Cavity, for p-beam rotation
at 10 fs level!

HWDR, JLAB.OD HWSR, SLAC-LARP DR, UK, TechX Kota, KEK

Compact cav

mm

1001
80

Elliptical type CC has been
. tested first in KEK 2008

40
required |
200

max. w/o
Compact Crab Cavity target

4

Hm 200 400 600 300 1000 MHz
HL-LHC PROJECT
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Crab Cavity consruction for SPS test at CERN
(DQW type)

FPC installation onto cavity

String assembly completed
Aug 18, 2017

FPC on in Conditioning
Test box & installation of DT

iLumi ’
HL-LHC PROJECT

Lucio Rossi - CISF19 - Milano 8 Marzo 2019



HL-LHC PROJECT

Cryogenic Service Box |
SPSQUXDA0002

Upper Cryogenic line
LHCACFQC

Cryogenic Jumper

I, 7

5
>

A

Lower cryogenic line
LHCACFQC

/ ALIGNMENT SYSTEM LHCACFAH
SUPPORT & ALIGNMENT OF CAVITIES

/ | FSt system LHcacram
| For CAVITY POSITION MEASUREMENT

S70711698_01

| Fst system
For CAVITY POSITION MEASUREMENT

HOM extraction lines (x6)

Coaxlal line 50 ohms

D HL-LHC-WP04—CRAB CAVITIES DQW CRYOMODULE FOR SPS

HOM filter LHCACFHC [\
Seo EDMS 1524862

Radio-Frequence wave guide
For RF power supply

7 Cavity assembly*
*See detailled view

| Taylor Hobson sphere

Survey

Valve Support
LHCACF_T0262

Cold magnetic shield
Cryophy ® - LHCACFCM

(FSI MEASUREMENT)

*DQW CAVITY ASSEMBLY

Tuner Actuation

LHCACFTU

FPC LHCACFMC

Fundamental Power Coupler
|

| paw cavity Licacrea

| Double Quarter wave

| Helium Tank

| tHeacrHT-Titanium
FSI Targets [

Pick Up Antenna
See EDMS 1704942

| Tuner Frame
LHCACFTU

~| Pick Up Coaxial line
Coaxial line 50 ohms LHCACFRL

| HOM extraction lines

Coaxial line 50 ohms LHCACFRL

= Valve Box
See LHCACFVT0024

RF GATE VALVE LHCWG

| Cold/Warm Transition
LHCACFVW

BCAM system LHCACFAM
For CAVITY POSITION MEASUREMENT

| Thermal screen 50K LHCACFTS

Capper scroen with cooling pipe

Vacuum Vessel LHCACFVT
See EDMS 1710424

| Warm magnetic shield

LHCACFWM (not represented here)

> Alignment jacks (x3) LHCHACF
PSI design

EDMS n" 1729225
Version 10.2016

about DQW cry

- Overall dimensions (L/I/h): 2800/950/1900mm
- Mass : ~3800kg

- Cavity : 2x DQW

- HOM filters : 6 pces (3 per cavity)

- Pick Up Antenna : 2 pces (1 per cavity)

- Tuner : 2 unit (1 per cavity)

- RF Gate valves : 2 pces

- FSI Heads : 16 ports (8 per cavity)

-BCAM : 2 lines / 4 position fingers per cavity

@fn;w‘(wmgI)u]mrlmml! )

‘HiLumi

HL-LHC PROJECT
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HL LHC SPS Teststand for crab cavmes
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Collimators
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And many other important novelties

€ R i
=2 B — = —Jeusys New TDIS

absorber to
protect SC
magnets
from mis-
firing
injection
kicker
magnets

Tungsten blocks
(mechanically connected to the
beam screen tube)

Improving
beam
diagnostics:
BGV
detector

" Cooling tubes

Thermal links

o

New type of beam screen W-
shielded for the IT quadrupole

Elastic supporting system




LESS: Laser Enginneered Structured Surface
utreatment of km long surface to beat definitively e-clouds
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Non binding MoU
for HL-LHC

The time for
“booking” in-kind
contributions is
shrinking!
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Recent signed collaborations and in-kinds
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About 1 BCHF of material cost
and about 2000 Person-years (200 FTE for 10 years)

1,000,000 No additional
900,000 budget form
800,000 Member States.
(Excpet the
700,000 .
‘ additional
600,000 exceptional
£ 500,000 contribution).
- ——PV - Baseline 1
400,000
oV Bassline 2.0 Extra-need of
—_— - paseline £.
300,000 people, beyond the
200,000 200 people of staff,
HL-LHC has passed the cap of . .
100.000 100 MCHF in expenditure fulfilled with
! >330 MCHF in commitment. personnel from MS

TH»BE-BETRETRE>oOEYIYIIYIIYIIN I Ay -
R R R ol O O R o o o associates (or
SSZNOZNOZN DN OZINOZINIZINDIZNOIZND DN D030

collaborating

ﬁ associates)
HL-EHC PR()JECT|
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A great effort ... but also an investment

Planned Value

120,000,000

100,000,000
80,000,000
60,000,000
40,000,000
20,000,000 l |
]

2015 201e 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026
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A great effort ... but also an inye

= HL-LHC Industry
HiLy

HL-LHC PROJECT

| T T ) P R

Building the HL-LHC with the Industry

The HL-LHC Industry Website has been specially designed for all those firms that wish to participate in this
ambitious project. We want to share all the relevant information related to the procurement that will be required
pzrade of the LHC.

to lish this major

The industry will have a crucial role and will be heavily involved within the HL-LHC Project #since it will be the
main source o provide the technologies and equi; that are required to sfally achieve the goals of this
upgrade of the LHC.

The HL-LHC will collaborate with many types of industries and businesses to pursue its goals. Knowledge and
technology to be developed during the HL-LHC project will make a lasting impact on socisty.

Search this sha

Industry Relations and Procurement Website for the HL-LHC project

ILOS

LOs Portals

HIGHLIGHTS

12 June 2017
BIG SCIENCE BUSINESS FORUM

Big Science

Big Science Business Forum 2018 will
be the first oneswp-shop for
European companies and other
stzkeholders to learn about Europe’s
Big Sdence organisations’ future
investments and procurements. CERN
event will 2t thie major event that will
be held at Copenhagen on 27 and
28 February 2018

Read moreé

Lucio Rossi - CISF19 - Milano 8 Marzo 2019
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Con un ritorno (economico) per la societa

A recent study of the University of Milan Economy Dept, has estimated
that for each CHF invested in the HL-LHC there is a net gain for
HiTech companies of about 1.7 CHF

Tech spillovers - HT suppliers: 1993-2038

= Technology return to industry

= Training

= Public cultural effect

= Publications of scientific articles

Millions of 2016 CHF - Discounted

HiLumi
il 2l Lucio Rossi - CISF19 - Milano 8 Marzo 2019



Point 5 du LHC (CMS)
Infrastructure existante
Nouvelle infrastructure HL-LHC

Semblable au point 1 (ATLAS)

Lucio Rossi - CISF19 - Milano 8 Marzo 2019



2021-2025:Infrastructure preparation
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Chantier Point 5 (Installations de chantier 1/3)

Acces 2
chantier

. Batiment SXAS

'z: (dans CMS) , : : N i Accés 1
Q) s . chantier
- = & e
-
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Chantier Point 5 (Installations de chantier 2/3)

i . CERN
Hilumi Y ”W’
& HL-LHC PROJECT )
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Chantier Point 5 (Puits 3/3)




Chantier SXA5
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Chanier Point 1 |
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Contract T117 — JVMM — LHC P1 (ATLAS)
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Contract T117 - JVMM - LHC P1 (ATLAS)
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Contract T117 — JVMM — LHC P1 (ATLAS)
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Do we have a plan to go behond? YES, we do...

~N Cilrcular Colliders +
1980 1985 1990 1995 2000 2005 2010 2015 2020 2025 2030 2035

D (e )

‘Construction

Future Collider m Construction
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Schematic of an
80 - 100 km
long tunnel

(D)

.I---'

o

ceptual design report ~ late 2018

PN LT

€T

Circular collider in new tunnel
80- 100 km circumference

Circular proton-proton collider
100 TeV collision energy (p+p)

Circular electron-positron collider (VLEP)
(350 GeV c.m. energy, t-tbar threshold)

Lepton-Hadron collider (like HERA)
(50 TeV p + 100 GeV e)

Alternatively:

30 TeV p-p collider in LHC tunnel ?
(16 T magnets)

( ~CC )
‘hh ee he
Lucio Rossi - CISF19 - Milano



Competition? Yes, guess form whom...

Proposed CepC and,SppC in China, //(
’ .m"'\ .

Google earth
C
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FCC is the natural evolution of HL-LHC with new technology advancement

Tt )

b=
High-field Magnets

Novel Materials
and Processes

Large-scale
Cryogenics

o~

TITIT 77T

8500
I 500 |
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400
300
200 /
100

;;;;;;;; =i} >
Maintenance

LHMC Scaled Opumized

Reliability &
Availabilit

Global Scale
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Expanding the Sc limits beyond LHC and HiLumi

Commaon coils Canted Cos-theta
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Expanding the Sc limits beyond LHC and HiLumi

Commaon coils Canted Cos-theta
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High Temperature Superconductors — HTS: next technology step
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High Temperature Superconductors — HTS: next technology step
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High Temperature Superconductors — HTS: next technology step
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High Temperature Superconductors — HTS
The dream of 20 25 tesla! (2 X H|Ium|LHC|)
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Trying the magnets of the future... 20 tesl or more...




How to go to increase collision energy of constituents

CLIG S leve” e Colllaer

‘4 Legend
§
=== CERN existing LHC

Potential underground siting :

esse CLIC 500 Gev
esse® CLIC1.5TeV
esee (CLIC 3 TeV

Jura Mountains

©20 WGOOSIG 2
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How to go to increase collision energy of constituents

CLIG S leve” e Collilaer
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VoLUME 43, NUMBER 4 PHYSICAL REVIEW LETTERS 23 Jury 1979

Laser Electron Accelerator

T. Tajima and J. M. Dawson
Department of Physics, University of California, Los Angeles, California 90024
(Received 9 March 1979)

= J
2 o Tl , o 9 @
Trailingpulse
> J
Directionoftravel
Drive pulse
» <
E
Wakefield

Wakefield accelerator relies on a charge disturbance known as a wakefield to provide the driving force.
The drive pulse, which can be a short pulse of either a laser (LWFA) or an electron beam (PWFA),
blows the electrons (blue) in an ionized gas, or plasma, outward, leaving behind a region of positive
charge (red). Along the axis where the beam propagates, the electric field (plotted below) causes a
trailing pulse of electrons injected near the rear of the bubble to feel a very strong forward

i L ’i acceleration.
HL-LHC PROJECT




Plasma acceleration: 1000 times smaller...
Or 1000 times more powerful?
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Plasma acceleration: 1000 times smaller...
Or 1000 times more powerful?
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SC and Renewable Energy Technology: Transmission

DESERTEC-EUMENA

CSP collector areas
for electricity
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SC and Renewable Energy Technology: Transmission

1,000-Mile, 5 Gigawatt Power Equivalents

DESERTEC-EUMENA

Overhead Pawer Lm_ai_____,_____._———————>
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Superconductor Electricity Pipeline — o
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SC and Renewable Energy Technology: Transmission

1,000-Mile, 5 Gigawatt Power Equivalents

DESERTEC-EUMENA

Overhead Power Lines

500 f. Right-of-Way

Superconductor Electricity Pipeline — o W
25 Ht. Right-ot-Way 7
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SC and Renewable Energy Technology: Transmission

1,000-Mile, 5 Gigawatt Power Equivalents

Overhead Power Lines

500 ft. Right-of-Way
<)

Superconductor Electricity Pipeline — o %"
25 ft. Right-of-Way %
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SC and Renewable Energy Technology: wind genrators

SILKEBORG, DENMARK

=)
= ENVISION

ENSCHEDE, NETHERLAND \. BREMERHAVEN, GERMANY

UNIVERSITY ZZ Fraunhofer
OF TWENTE. s

© Sumitomo Corporation ————————————4) : /
BASINGSTOKE, ENGLAND

E / R AMSC SeaTitan Wind Turbine Generator

JEUMONT, FRANCE =% Image courtesy of American Superconductor

MUNICH, GERMANY / BONN, GERMANY

THEVA
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SC and Renewable Energy Technology: wind genrators

SILKEBORG, DENMARK
@ ENVISION
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IIMI\(F _» 22 Fraunhofer
€ Sumitomo Corporation < \\ L
BASINGSTOKE, ENGLAND \ e

E / ‘ : . AMSC SeaTitan Wind Turbine Generator

JEUMONT. FRANCE Image courtesy of American Superconductor
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New medical «eyes»:
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New medical «eyes»: PET
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New medical «eyes»:

MRI, 2000 large systems/year
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New medical «eyes»: MRI, 2000 large systems/year

transmitted radio waves emitted radio waves

&
G

magnetic field .
direction ’

An example of an MRI brain scan -
. . Image courtesy of Scott Camazine, MD

HiLumi @
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Largest MRI for research: Iseult Magnet for 11.7 T, now under
commissioning at Neurospin center in CEA Saclay (Paris)
FUNCTIONAL MRI: breakthrough in cerebral functions

l 7 O




Largest MRI for research: Iseult Magnet for 11.7 T, now under
commissioning at Neurospin center in CEA Saclay (Paris)
FUNCTIONAL MRI breakthrough In cerebral functlons




Production of radioisotopes for PET is critical

Radioisotopes in Nuclear medicine
Radiopharmaceutical

A 1IC labeled
radiopharmaceutical

BR2 (Belgium) HFR (Netherlands)
i A

7 MARIA (Poland)
XK s
Last decade crisis in SE
reactor-production OSTP R 1V 15 (Caeet
Republic)
4 &
SAFARI OPAL (Australia)
(South Africa)

P Ly

Localized in
some organs
or tumors
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Production of radioisotopes for PET is critical

Radioisotopes in Nuclear medicine

Radiopharmaceutical

Localized in
some organs
or tumors

A 1IC labeled
radiopharmaceutical

BR2 (Belgium) HFR (Netherlands)
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Hadron therapy
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La complessita dei rapporti: LHC
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HL-LHC TOTAE €astincl.-ovrh
2500 M€ costi (Mach + detect)

La macchina circa 1500 M€ ,n \
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) Existing underground buildings




="
R
=

HL-LHC TOTAL : g =S L oo
2500 M€ costi (Mach + detect) L — » 7

La macchina circa 1500 M€ ,n

Future constructions
Existing underground buildings

LHC
detectors,
material,
CERN share:
8%
LHC LHC machine,
detectors, material: 43%
material,
Institutes
share: 15%

LHC
detectors,
labour,
Institutes
share: 16% LHC
detectors, LHC machine,
labour, CERN labour: 12%
share: 6%

"HiLumi
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Alcune novita (?) nei
progetti di ricerca

e Atffenzione ai costi fino allo
spasimo
- Non basta diminuire il costo
iniziale —
- Conftrolli lungo tutto il progetto *
- Non si riesce piu’ a succhiare dal §
budget ordinario
*E’ ancoraricerca? E' ancora
| entusiasmante?

e La responsabilitd & molto diluita
(eccetto forse ai vertici ¢) =
meetings!!

* L'aspetto dell'integrazione sia di g, -
diverse discipline che personale x4
molto importante, al punto da 3
rischiare di oscurare I'aspetto di

creativitd ' _

H
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Cerchi sempre di considerarti «<unico»

' T
| —— -wmm‘“ fgf:

27 November 2006

]l ——————
n° 1232

= . THE LAST aNg\@
‘ —
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10 settembre 2008: la riuscita

— L e—— e—



http://elogbook.cern.ch/eLogbook/attach_viewer.jsp?attach_id=1025394

19 settembre 2008:
Il grande guasto: interconnesione

HiLumi Y
. HL-LHC PROJECT ) . e . .
R Vedere articolo su http://www.ilsussidiario.net/articolo.aspx?&rticolc=48957



http://www.ilsussidiario.net/articolo.aspx?articolo=48957

Un design poc robusto contro difetti di B6—-
Difetti procedura non identificati dal QA
Mancanza di occhi (diagnostica) per vedere difetti in tempo
Mancanza di protezione contro guasti collaterali




Dove ha luogo la riparazione

-

— Installazione nuove porte per fuoriuscita elio

- — Miglioramento del sistema di protezione dei magneti

A ST

\

—— Pulizia del tubo a vuoto del fascio

m&m s —— Sostituzione dei magneti dipoli e quadrupoli e riparazione interconnessioni elettriche
Anello LHC
X' Incidente

modo per affermarsi veramente
In questo anche I'errore non e una
barriera ma una spinto per andare oltre...




LHC: la ripartenza: il fascio
13 dlcembre 2009 : record 2 x 1.18 TeV
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L'importanza del Maestro

Il tramandarsi una tradizione tiene viva la
domanda = grandi scuole di fisica

Assicura, aiuta, che ’esperienza sia un
cammino verso una certezza piu’ grande &
con un metodo che e quello di tutte le
realta umane positive:

= Verifica onesta: esperienza

= Dedizione, affezione

= Capacita di lavorare insieme

= Confronto tra I'esperienza e l'ipotesi

= Condivisione risultati: da questo la domanda si
alimenta

HiLumi ’
HL-LHC PROJECT
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