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Technical limits to 
lumi increase
(Machine & 

Experiments)
Levelling!

Higgs got!
(4 July 2012@5fb-1)
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Goal of High Luminosity LHC (HL-LHC) as 
fixed in November 2010
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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:

A peak luminosity of 5×1034 cm-2s-1 with levelling, allowing:

An integrated luminosity of 250 fb-1 per year, enabling the 
goal of 3000 fb-1. 
This luminosity is more than ten times the luminosity reach 
of the first 10 years of the LHC lifetime.

Concept of ultimate performance (Oct.2013, ECFA & RLIUP) under study:

Lpeak  7.5 1034 cm-2s-1 and   Int. L  4000 fb-1

LHC should not be the limit, would Physics require more…
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Energy and luminosity: 
the two discovery parameters
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High Precision Frontier

Known phenomena studied
with high precision may show

inconsistencies with theory

High Energy Frontier

New phenomena
(new particles)

created when the 
“usable” energy > mc2 [×2]

2 routes to new knowledge about the
fundamental structure of the matter
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HiLumi: more precision… and also new heavier
particles (if they exists…)
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Courtesy
M. Mangano
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Cryo@P4

Beam diagnostics
BGV

New TAS and VAX

Cryo@P1-P5
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11 T dipole with collimation in cold arc
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11 T Nb3Sn

Warm collimator unit
11 T dipole 

twin 
aperture 
magnet

∫BdL = 119.2 Tm @ Inom = 11.85 kA
in series with MB with 20 % margin

5.5 m Nb3Sn 5.5 m Nb3Sn
1 m 

Collimator

Courtesy of M. 
Karppinen, F. 
Savary, D. Duarte
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The Hilumi backbone: IT Quads
• LHC dipoles features 8.3 T in 56 

mm (designed for 9.3 peak field)

• LHC IT Quads features 205 T/m in 

70 mm with 8 T peak field 

• HL-LHC ; use of Nb3Sn

• 11 T dipole (designed for 12.3 T 

peak field, 60 mm)

• New IT Quads features 140 T/m 

in 150 mm, B12 T operational

field, designed for 13.5 T).

L. Rossi-HiLumiLHC@EPPCN_CERN5Nov2015
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New IT Quadrupole first short prototype is coming!
Strong US-LARP involvement!
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G.Ambrosio, 
P. Ferracin and 
E. Todesco



New concept  a lot of different interesting designs

Effect of the Crab Cavities

• RF crab cavity deflects head and tail in 
opposite direction so that collision is almost 
“head on” and luminosity is maximized. 

• COMPACT design! New concepts.

L. Rossi-
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 We will make a test in SPS before LS2. 

SCRF Crab Cavity complexity!

Thermal 
screen with 

MLI

Warm magnetic 
screen

Bare cavityTuner
Cold magnetic 

screen

Cold-warm 
transitions

He supply

Vacuum tank

FPC

HOM

He vessel

Double Quarter Wave

R. Calaga and O. Capatina 
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L = 20 m
(252) 1 kA @ 25 K, LHC Link P7

Feb 2014: World record for HTS 
transport current (A. Ballarino)



Five top technology demonstrations including a HVDC MgB2 

superconducting link 

Spin off of HiLumi: BestPaths Project

10 kA, 320 kV DC MgB2 line, 20 K operation

Courtesy A. Ballarino
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4 wall cable cryogenic 
envelope

l20 m

10 kA /320 kV
Termination 1

Cooling system #1 (He gas)
20 K- 20 Bar

Cooling system #2 (Liq
N2)

70K- 5 Bar

10 kA /320 kV
Termination 2

320 kV

Inner flow

Outer flow

Presented by Nexans at EUCAS 2015 Conference 

BestPaths Project

MgB2 18-strand cable

Courtesy A. Ballarino
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May 2013: HiLumi as 1st priority in EU strategy
Sept 2015: budget CERN Council (950 MCHF+1600 FTE-y)

NOW: launching C.E. consultancy contracts

L. Rossi-5th Annual Meeting -CERN 26Oct15

Courtesy J. Osborne, 
I. Bejar Alonso and P. 
Fessia



TEST Crab
Cavity in SPS

TEST first final 
Crab cavity

TEST first IT QUAD
and firsdt Twin 11 T
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A few milestones…
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Launch CE 
contracts

TEST LONG 11 
T and IT Quad

IP1 & IP5 
excavation 

starts
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Project structure
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High Luminosity LHC Participants
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http://www.kek.jp/
http://www.kek.jp/
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In-kind contribution and Collaboration for 
HW design and prototypes
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Q1-Q3 : R&D, Design, Prototypes 
and in-kind USA
D1 : R&D, Design, Prototypes 
and in-kind JP
MCBX : Design and Prototype ES
HO Correctors: Design and 
Prototypes IT
Q4 : Design and Prototype FRCC : R&D, Design and in-kind USA CC : R&D and Design UK

ATLAS
CMS

http://www.iconarchive.com/show/flag-icons-by-gosquared/United-States-icon.html
http://www.iconarchive.com/show/flag-icons-by-gosquared/United-States-icon.html
http://www.iconarchive.com/show/flag-icons-by-gosquared/United-States-icon.html
http://www.iconarchive.com/show/flag-icons-by-gosquared/United-States-icon.html
http://www.iconarchive.com/show/flag-icons-by-gosquared/United-States-icon.html
http://www.iconarchive.com/show/flag-icons-by-gosquared/United-States-icon.html
http://www.iconarchive.com/show/flag-icons-by-gosquared/Japan-icon.html
http://www.iconarchive.com/show/flag-icons-by-gosquared/Japan-icon.html
http://www.iconarchive.com/show/flag-icons-by-gosquared/France-icon.html
http://www.iconarchive.com/show/flag-icons-by-gosquared/France-icon.html
http://www.iconarchive.com/show/flag-icons-by-gosquared/Italy-icon.html
http://www.iconarchive.com/show/flag-icons-by-gosquared/Italy-icon.html
http://www.iconarchive.com/show/flag-icons-by-gosquared/Spain-icon.html
http://www.iconarchive.com/show/flag-icons-by-gosquared/Spain-icon.html
http://www.iconarchive.com/show/flag-icons-by-gosquared/Spain-icon.html
http://www.iconarchive.com/show/flag-icons-by-gosquared/Spain-icon.html
http://www.iconarchive.com/show/flag-icons-by-gosquared/United-Kingdom-icon.html
http://www.iconarchive.com/show/flag-icons-by-gosquared/United-Kingdom-icon.html
http://www.iconarchive.com/show/flag-icons-by-gosquared/Italy-icon.html
http://www.iconarchive.com/show/flag-icons-by-gosquared/Italy-icon.html


20

HL-LHC ultimate performance
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Ultimate lumi (not yet studied in details)
- L = 5  7.5 1034 cm-2s-1

- Int. L = 3000  4000 fb-1

- Pile up   200



HL-LHC will generate a 
powerful light…

that experiments has 
to manage (pile up…)

L. Rossi-
HiLumiLHC@EPPCN_CERN5Nov2015 21



22

HiLumi LHC is for physics discovery… 
and to prepare the next leap foward
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Beyond the LHC: the FCC’s

LHC
27 km, 8.33 T

14 TeV (c.o.m.)
1300 tons NbTi

0.2 tons HTS

FCC-hh

80 km, 20 T
100 TeV (c.o.m.)

9000 tons LTS
2000 tons HTS

FCC-hh

100 km, 16 T
100 TeV (c.o.m.)
6000 tons Nb3Sn
3000 tons Nb-Ti

HE-LHC

27 km, 20 T
33 TeV (c.o.m.)
3000 tons LTS
700 tons HTS

Geneva

PS

SPS

LHC
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