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New LHC / HL-LHC Plan
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fixedin November2010

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

A peak luminosity dbx10°* cnt2st with levelling, allowing:

Anintegrated luminosity o250 fb* per year, enabling the
goal of3000 fb! twelve years after the upgrade.
Thisluminosity is more than ten times the luminosity reac
of the first 10 years of the LHC lifetime.

Concept ofultimate performance:under definition:

ea @7.5 1G*cmr?st and Int. L~ 4000 fb?!

Goal of High.uminosityLHC (HHLHC) as

the

h
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This goalWwould bereachedin 2036
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A Increasing the crossing angle
decreases the long range effect
but decreases geometric overla

A Rotating the bunches with crab
cavities before and after collisio

Luminosity increase

can reduce this effect

b
Lo ?.-'FR*FRF

Luminosity (normalized to nominal LHC)
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HiLumi largestHEPacceleratonn construction
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Modifications Complete change andill Complete change and
1. In IP2: new DS new lay-out in IPEIPS new lay-out in IPLIP5
collimation inC.Cry . TAN ._TAS
2. InIP7 new DS . D2 .| Q1:0203
collimatior with 11 T . CC . D1
. Q4 . All correctors
+ CryogenicsProtection, . All correctors . Heavyshielding(W)
Interface, Vacuum, . Q5 (Q6 @1.9K?)
Diagnostics|nj/ ExteX . New MQ in P6
Bl extension ofinfrastr. . Newcollimators
Hit UMl . \
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Butworkisrequiredallaroundd K'S N

Beamdiagnostics
BGV

LIGNES SUPRACONDUCTRICES
Des lignes de transmission électrique a base
d’un supraconducteur haute température
pour transporter le courant vers les aimants
depuis les nouvelles galeries prés d’ATLAS
et CMS.

GENIE CIVIL CAVITES « CRABE »
2 nouvelles galeries de 300 métres et 32 cavités supraconductrices [
2 puits prés d’ATLAS et de CMS. « crabes » pour chacune des S CryO @ PJPS
expériences ATLAS et CMS pour
orienter les faisceaux avant les

collisions.

AIMANTS DE FOCALISATION
12 aimants quadripdles plus puissants
pour chacune des expériences ATLAS
et CMS pour concentrer plus fortement
les faisceaux avant les collisions.

1P 23000mm

New TAS and VC’

AIMANTS DE COURBURE
COLLIMATEURS 4 paires d’aimants de courbure
15 a 20 nouveaux collimateurs et 60 collima- dipéles plus courts et plus
teurs remplacés pour renforcer la protection de puissants pour libérer de la place
la machine. pour les nouveaux collimateurs.




Thecritical zonearound IP1 and IP5

- - - -

fni a1 6 0 @2 o
ERC S N s o wo
| I \RLH =l I
= g YL 1 ll
\
\\
. o
o 2. Deep change alsds_ 1. Deep change in the |
3. For collimation we matchingsection:  *\  and interface to detectors;
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Themoststraightforward action:
reducingbeamsizewith a «local» action

(50%,507y,507) exvelope for €,=5.02646 x 101, €,=5.02646 x 107", o, =0.000111

LHC has better aperture o er
than anticipated however P ‘
it isnot possible to have
b* <40 cm

Smalletb™ Y largerIT aperture

HiLum Y
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Magnetprogress

ALHOipolesfeatures8.3 T in
56 mm (lesignedor 9.3 '
peakfield)
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LHC low quads stepsin magnet
technology fromLHC toward HLHC
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http://www.kek.jp/

CrabCavitiedor fastbeamrotation

LHC PROJECT

ATLAS

Point 5

UNDERGROUND WORKS
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4 Rod Crab cavities
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Successful Cold Testings

RF Dipole Double Quarter Wave
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Latest cavity designs
toward accelerator
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Low impedencecollimatorgLS2 & LS3)
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Availability SC linksy removalof
EPCSDFBdrom tunnel to surface

' 1 pair 700 m 50 kA& LS2
Point SERETSKIIUEENIY D L
4 pairs 300 m 150 kA (IRLS3
tensof 6-18 KACLgpairs in HTS

UXCS S

USCA S

Ouvrages LHC s/
CMS
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Diagnostics

Precise measurement of beam parameters is essential. The LHC is equipped with an extensive array

of beam diagnostics that has played a major role in commissioning, rapid intensity ramp -up and safe
and reliable operation of the accelerator. The HL -LHC presents new challenges:
Challenge 1:
A Crab-cavities will rotate the bunches Challenge 2:
A A method to accurately measure the bunch rotation is A The unprecedented stored beam energy would
required. o _ damage conventional diagnostics and/or disrupt the
A Conventional BPMs have insufficient bandwidth for particle beam.
single pass, intra-bunch measurements. A Non-invasive diagnostics are required to measure the
A Anew technology is needed: beam profile and beam halo.

Gas-jet based beam profile monitor

62 (/I (6
m (. 654>

CCD Camera -

A supersonic jet of neutral e enerer R
gas is shaped into a thin m
sheet and injected with a

450 tilt across the particle

Visible Light
A =470 nm

Quartz Window

Focusing Lens

Luminessence

Electrode ion

Electro -optic crystals as the BPM pickup beam. | Gecay 100ns(1110)
The electric field of the passing bunch induces a J TS
polarization change in the crystal that is readout with lons produced accelerate T o7 max.
<50ps time resolution to derive the transverse position toward a phosphor screen,  —=——— \ )

E roton

Beam

along the bunch. to monitor profile

lonization

——Q, Sheet Beam "%

HiLyo )
‘ G Burt RAL Junel6 19



TheCrabkissing(CK) scheme fqoile-up density
shaping andeveling (S. Fartoukh)

Crabkissing & variants:
CC also in |{plane
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... Work ongoing together with themachine experiments
(S. Fartoukh, A. Valishev, A. B&l, Di Girolamoet al.)

(Ul
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In-kind contribution and Collaboration for
HW design and prototypes

Q1Q3 : R&D, Design, Prototyp
and inkind USA

D1 :R&D, DesigrRPrototypes
and inkind JP

MCBX : Design and Prototyp&
HO Correctors: Design and
PrototypesIT

CC : R&D and Desigi | Q4 : Design and PrototygeR
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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/France-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/United-Kingdom-icon.html
http://www.iconarchive.com/show/flag-icons-by-gosquared/Italy-icon.html
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HL-LHC-UK
Involvement

Where the UK fits into HL -LHC

HiLumi-LHC HiLumi-LHC
Leadership involvement

High Luminosity LHC Project

Parameter & Lay-out
Committee

Technical Committee

WP1 Project Management
& Technical Coordination

P2 Accelerator Physics
& Performance

WP3 IR Magnets

WP4 Crab Cavities & RF

WP5 Collimation

WP6 Cold Powering

US-LARP
JP-KEK

Project Coordination Office
HL-LHC Coordination Group

Steering Committee

WP7 Machine Protectio WP13 Beam Diagnostics

WP14 Beam Transfer

WP8 Collider-Experiment
and Kickers

Interface

. WP15 Integration
WP9 C
ryogenics & (De-)Installation

WP16 Hardware

WP10 Energy Deposition
Commissioning

& Absorber Coordination

WP17 Infrastructure,

WP11 11 T Dipole
Logistics and Civil Engineering

Two-in-One for DS Collimation

WP19 High Field Magnets
WP12 Vacuum R&D _ FRESCAZ

G Burt RAL Junel6

22



Manchester I\/IancLhester
Lancaster RH U
ASTeC e

Crab Cauvities

1
1

Collimation
Manchester |
Liverpool -
ASTeC
Southampton
Superconductivity Liverpool
and Cryogenics RHUL

ASTe

ATRTTHTTRTTE TR WA ATl

Manchester
Liverpool

Manchester

Machine-detector interface

D ol kLL@Q Diagnostics
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2 Kl Qa YySEGK
AEnergy upgrade of LHC with new,Sh dipoles?
AA 80/100 km tunnel as lsiggsfactory and then a 100eVpp

collider (FCC)? Could CERN afford such a large machine that
cannot be staged?

A Chinese Higgs factory or FCC? Could they get the internatione
community to buy in?

AA staged linear collider going toT&V/(ILC) or JeV(CLIC)? ILC
could be built now, CLIC still has some technical challenges.

AAn electronion collider [HeCELIC,®HIC)? We can do it if
the HEP community wants it enough.

G
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Novel or Advancedccelerators

A LaserPlasmabased electron and hadron accelerators:

A Driven by lasergfor both e and hadron)ke-: Multi-GeV beam&ave been
achieved”A beam energy sufficient for applicatiods applications around
the corner???

A Hadrons: ion beams have been produced and transported at low energies
A Activities at many centers in Europe (as well as US and Asia)

A This dominates the novel acceleration arena

A Excellent future sources of compact accelerators but can they be used for




Laser Plasma Accelerators
Efficiency and rejpate

A Efficiency is at least one or two order of magnitude less than conventional sources
(around 1% if that). For aTeVcollider at CERN the required power would dwarf
the rest of Geneva (roughly 10 times the entire energy budget of Geneva) and
would potentially require several new dedicated power stations.

A Reprate is limited by material heating to stitHz, this would limit luminosity.

A Laser efficiency and regate could be increased by

A OPCPA but would need new pump sources that are also more efficient and can
handle higher average powers, currently can demonstrate either high power,
high efficiency or high repate but only one at a time.

A Combining fibre lasers but locking that many lasers is far from realisable at
present. Progress has been made on locking tens of lasers (ICAN) together but
millions would be required.

G Burt RAL Junel6 27
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@ Hil U
HL-LHC PR_O/JECT

Staging of laser plasma

A At present a few GeV beams can be obtained, but higher energies need
either

A Higher power lasers (material heating limits are difficult to overcome)
A Combining multiple stages.

A The laser stability coupled with the sensitivity to the laser parameters
means every shot is different and most have poor beam qualptyical
variation is 15% energy, %0% charge,-Bmrad beam pointing.

A The phase space for external injection is very small in both longitudinal (fs
synchronisation) and transverse planes. We are far from a point where we
can get close to staging and there are few theories on how this could be
achieved.

A Also holes in the mirrors for beam injection get burnt by the laser meaning
they need replaced or repositioned frequently.

A Even if we could proposals either require very high laser mean powers
(GW) or very high rep rates (15 kHz)

G Burt RAL Junel6 28



Accelerator size

A The laser travels slower than c in the plasma while electrons travel
close to ¢ hence you loose synchronisation after a few mm. The
AN RASY(d A& OSNE KAIK O6mMnQa D=
synchronisation length

A Several items of equipment would be required around each plasma
stage, the laser itself, vacuum pumps, mirrors, beam transport and
diagnostics. In a conventional linear accelerator these items can be
20-50% of the accelerators length. For example a plasma FEL woulc
be only half the size of conventional ones.

A Thelasers and power supplies are very large so the gradient is often
overstated. In conventional sources we have two numbers active
length and total length. LPWA have a small active length but the
total length is still significant. Still smaller than linacs but not by as
much as implied.
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Are there other options or are we stuck with
conventional accelerators until we can stage plasr

A YES!I

A Lasers could be used with dielectrics to overcome the stability
Issues and reach gradients up to 1 GV/m. Using THz
lasers/vacuum tubes significantly increases beam quality ove
shorter wavelength sources in dielectrics. Efficiency still is a
issue at present. Good for medical linacs and light source
replacements. Good potential for higher efficiency THz
vacuum tubes (harmonigyrotronsz. . 2 h \@ekedield2 NJ
driven could allow path tdeVcolliders.

A You could drive the plasma with a proton or electron beam as
opposed to a laser. The drive beam could be a highly efficient
high current beam. This would be far more efficient and stable
than a laser plasma accelerator. Likely the most viable option
for a novel multiTeVcollider other than traditional
acceleratorsBut luminosity is low

(Ul
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AWAKE Project

—___TT40 TT41
=

AWAKE

AWAKE project, a proton driven plasma 300
wakefield acceleration (PDPWA) experiment is g
approved by CERN. The PDPWA scheme = 56
consists of a seeding laser, a drive beam and Eﬁ
a witness beam to be accelerated. The primary é
goal of this experiment is to demonstrate -
acceleration of a
16 MeV single bunch electron beam up to 0

1 GeV in a 10m of plasma. 00 20 40 €0 80100

'\ SPS-LHC

SPS-Totem

"RV Lotov, PHYSICS OF PLASMAS 18, 1031011(%



AWAKE Project

Production of a Withess Beam

SPS

Laser Power Supplies \ Access Gallery

.
Lasers \ Electron Gun
l Klystron System

Baseline Proton Beamline " :

specifications for
AWAKE e beam.

2m

2m

Table 1: Specifications for the simulation studies.

Parameter Baseline Range of interest

Beam energy (MeV) 16 10-20

Energy spread (o, %) 0.5 - Electron Spectrometer
Bunch length, (o, ps) 4 0.3-10

Beam focus size, (o, pm) 250 250-1000 B
Norm. emittance (rms, mm-mrad) 2 0.5-5 Experimental Diagnostics
Bunch charge, (nC) 0.2 0.1-1

P—-f =
e 2




LHC

We, TeV
] w B h

plasma density step-up.

0 2 4 6 8 10 12 14 16
L, km

A. Caldwell, K. V. Lotov,
PHYSICS OF PLASMAS 18, 103101 (2011).

For this PDPWA-based e*e~ collider design, half of the LHC
bunches (1404 bunches) are used for driving electron acceleration
and the other half for positron acceleration. Taking into account
that the ramping time of the LHC is about 20 min and assuming
that the loaded electron (and positron) beams have a bunch
charge of 10% of the drive proton bunch, i.e. electron (and
positron) bunch charge of N.=1.15 x 10'°, and the beam spot
sizes at [P are the same as that of the CLIC beam, as shown in
Table 1, the resulting luminosity for such an e e~ linear collider is
about 3.0 x 10** em~2 s~ !, which is about three orders of magni-
tude lower than that of the ILC or the CLIC.

G. Xia, O. Mete et al.,

NIMA Volume 740, 11 March 2014, 1731 179

e’ source

2 km
Electron beam energy with 5—
e

"An electron-positron collider

e’ source

2 km
Plasma Proton )

Plasma |P

1 TeV e*/e- beam in 2 km of plasma

K Via plasma step up and self modulation
instability.

LHC radius, 4.3 km

K Transfer and matching of protonsé&plasma.

K Dedicated e source

K 2 km plasma section (0.5 GeV m1).

K 2 km beam delivery and final focusing section.

KhiUsedo protons to be
be recycled.

extr

Luminosity is limited by LHC filling time. However
rather than use LHC we could develop a faster
cycling machine with looser beam quality specs.

T —




KPhase slippage

ProtorrDriverP iasima warcleld

KIinteraction of ndri

KIinteraction of nwi t

vV €

K Positron acceleration (in case of ep coIIider1

y

Production of accelerating field by using a
hollow plasma for positron acceleration.

1

Group velocity of wakefields is the same as the
velocity of the driver, proton€Electrons may
overrun the wakefields- no acceleration.

™

Bunch lengthening due to
energy spread and focusing
iIssues of protons.

T

quadrupole magnets

= N

. plasma layer

\
w,‘

cladding

vacuum channel

N

Electron beam scattering by plasma
electrons and ions - luminosity

degradation through emittance
growth

AW



PWFA at Cockcroft Institute

PWFA at VELA user station in 2015 PWFA at CLARA in 2020

First experlment on plasma lens started in August 2015 High beam quality preservation, ultrahigh brightness e

E=.8 MeV production, e.g. plasma photocathode

Q=250pC ol . 7.t

'2=33mm . B3 & 3 g e B B E
5 & 3 T 8 B 3 g ¢ g & &8 <%

r=0.45 mm k 2 2 32 2 2 2 2 8 Exoamos

focusing gradient NS @GS @ I D i‘Lk,pm

Of 10 T/m Ry=rre Durmg Dumo

" E=250 MeV, Q=251C
LARA i T e
0 ‘ g,n@&uaxues\gnﬂeggcf}‘ ‘ Eacc~ 3 G:\//||’| ?/: '""\?i

PWFA at CLARA front end in 2016

Demonstration of high acceleration gradient ~ GV/m

Two bunch acceleration for high aualltv beam production = [

E=50150MeV

Q=250pC :
*,=20-100> Y
r=50>Y i
acc.gradient ‘
T 200 : g
b £
s o C— —— 2 ;
= X ~ |
§ S 5 -200 w .
i . acc.grad. 1.8 GV/
E 400 —e—0.2Q Two bunch|
$ —=—0.5Q Two bunch
I g a0 %ﬂgienuna\
GUOXIng Xla et al ‘e e er e w1 ;n’-‘:;';;:p;;‘;;m:: 13 13 37 38 4 0.“‘6!0 0.42700 Dx“ll.l’a 0.44720 0>“‘730 0 200 Dis:aor?ce[- 1609'6')'“) 800 1000
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Dielectric Accelerators

A Photonic structures

Types

A Dielectric Wakefield Accelerators (like CLIC but with dielectric)
A Dielectric REinacqreplace RF structure with dielectric)
A Dielectric Wall Accelerators (high voltage switches)

A THz/Laser driven dielectric accelerators (high frequency ling

7

Dielectric
Layer Cladding ~ Wakefields  Drive Beam

Why?

Cylindrical Bragg accelerator

A Dielectrics can have very high gradients if the right material s yeisesosson .
used (5.5 GV/m shown in experiments but not with acceleration
yet)

A They can operate at high frequencies, THz or higher (smaller)

A Can potentially have lower lorgngewakefields(for photonic
structures)

A Simpler to manufacture (in some cases)

HiLug >
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| asetrdriven dielectricstructures

A 1 GeV/m demonstrated but low absolute energies achieved so far
(emerging field)

A At present led by DESWIT (THz) and UCISLAC (optical) collaborations

A Field is excited by either a high current beam or a laser

A Wave velocity is matched to the beam velocity using a dielectric structure

A Lots of parameter space to explore still lots of opportunity for UK to get
iInvolved and lead.

A Easy to use multiple stages unlike plasma.

T Y
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Stanford, SLAC, UCLA results
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Lancaster

Terahertz driven dielectric linacs ey
Terahertz vs. optically driven e

= ASTeC

Shrink the size and cost of future high
energy colliders

'\\___' e e e S
Nat. Commun 6, 8486 (2015)

THz accelerator
o
..
THz E-field polarization

Photoemitted electrons longitudinal + radial

from d.c. gun




