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CERN Accelerator Complex
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Evolution of Accelerator Park

K. Hubner

1950 1960 1970 1980 1990 2000
Synchro- design, . operation | end 1990
cyclotron construction
CPS “filst stronqg-focusing ring”
—_———————— ~J ~J P
CPS Booster
; s | | |
Linac 2 O
Linac Pb I |
ISR e : .
L first hagron collider
SPS p——"> ] [ | |
PR
pp  ICE 167778 | TIrSt proton-antiprotgn collider”
AA/+AC ey X !
LEAR end 96
— 1
AD =
LEP 1 o e (A —
LEP 2 “highedt energy efre- & pp ChIR%i%Nns”
LHC > T




Evolution of CPS and PSB Intensity
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Source © 90 keV (kinetic energy)
Linear accelerator © 50 MeV

Duoplasmatron
LINAC2

PSBooster Proton Synchrotron Booster ® 1.4 GeV
PS Proton Synchrotron @ 25 GeV
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to Gran Sasso

LHC
%) :
o Transfer line CNGS
O
= _Linear accelerator_> \
Q Isolde \
D ' \
O
O \
O Y
Z
(e
L
O

Circular accelerator
(Synchrotron)

5 De Maon 18052003 - propodions nof fo scale

LHC and its injector chain




LHC requirements

The luminosity is the figure of merit for a collider:

* k... number of bunches per ring.
* M. Intensity per bunch.
* ¢,.. normalized transverse beam emittance.

Some constraints when optimizing the luminosity:
- ¢, (beam emittance ~ size?) has to be small to fit the LHC aperture.
- N,/e, (beam brightness) limited by the "beam-beam” effect in LHC.
- MN,/¢, (beam brightness) limited by “space charge” in injectors.

- kN, (total intensity) limited by thermal energy (synchrotron radiation),
has to be absorbed by cryogenic system.

Of course there are many other constraints...

M. Benedikt



beam emittance

The beam consists of many particles...
- All particles describe similar ellipses in phase space.

The elliptical phase space area containing (a certain amount of)
the beam is the Transverse Emittance, «.

- The area is constant but the ellipse changes shape around the machine
(determined by the magnet optics).

Beam size is the projection of the ellipse on horizontal/vertical axis.

& x' A Z'

beamsize o \/ emittance

Therefore we must produce small emittance beams for the LHC
beam but there is something that helps...

M. Benedikt



adiabatic damping of emittance

Acceleration adds longitudinal momentum to the particles while leaving
the transverse momentum unchanged (first order).

As a result the “"angular spread” reduces - and the emittance decreases.

Vertical plane Vertical plane Vertical Flane
initial ,  af cavity fina

4 acceleration

"
%dZ/ds /

v
w

> S » S

This is adiabatic damping, inversely proportional fo momentum increase.

normalized

By

LHC beam emittance is defined at injection in the PS Booster (50 MeV).
Emittance shrinks by a factor 1500 until injection into LHC (450 GeV).

&
p(}/) = mOC ] (By) — ggeometrical(y) —

M. Benedikt



LHC requirements — optimization result

* Qutcome - the LHC would like to have:

- Many (ns-short) bunches (2808 per ring), i.e. small bunch spacing (25ns).
- Small transverse emittance beams (g, . < 3.6 mm-mrad at injection).

noc =

- Bunch intensities of ~ 10! ppb (1.7 x 101 ppb is ultimate LHC intensity).

* But - that's not what the PS Complex normally provides...

East Hall n-TOF AD SPS FT | LHC nominal
Intensity [ppb] ~0.3 x 1012 8 x 1012 8 x 1012 < 30-1012 0.12 x 1012
Bunch length [ns] dc ~400 ms 20 ns 25 ns dc-mod 10 ps 4 ns
Bunch spacing [ns] - - 100 ns - 25 ns
Number of bunches debunched 1 4 debunched 72
€0 rms h /v [mmvmrad] ~4/1 ~13/9 ~12/9 ~14 /10 3/3
Energy [GeV] 23 19 2b 13 25

M. Benedikt



PS proton accelerator complex

Proton Source
90 keV, pulsed every 1.2 s.

') allEST

iy e,

Radio Frequency Quadrupole
750 keV, pulsed every 1.2s.  poyOSTER

.’/ R b

Linac2 (linear accelerator)
50 MeV, pulsed every 1.2 s.

PS Booster (4-ring synchrotron)
1.4 GeV, 1.2 s cycle time.

PS (Synchrotron)
25 GeV, 3.6 s cycle time for LHC.

" Hall SUTD

Proton Source

M. Benedikt



what the PS complex does for LHC

1. The PS complex defines the transverse emittance
- The multi-turn injection into the PSB determines the beam size

2. The PS complex generates the bunch trains
- The 25 ns bunch spacing is fully established at ejection from PS.

The main challenges are:

- The beam brightness A /e, is a factor 1.6 higher than achieved before.
How to overcome "space charge” limitations in PS Booster and PS.

- The "bunch train” production.

Within the "PS conversion for LHC" project (1995 - 2000) the
accelerators were upgraded to meet the LHC requirements.

M. Benedikt



the beam starts from here...

+ The source cage houses the HV platform at 90 kV.

7

‘ AR BrT i o= ) bottle
: . . o . . ,,' _ 74 r ::‘“.\\‘ &, Of

: - , AT hydrogen
Source

’ model

. (11t01)

Beam
path to

RFQ

M. Benedikt



Duoplasmatron proton source

Protons (at 90 keV) are produced by the charging of a H, plasma due
to interaction with free electrons from the cathode, forming a

plasma; the plasma is then accelerated and becomes an ion beam
UPPLY 90KV

ARC SUPPLY

+

INTERMEDIATE ELECTRODE

magnetic

E. Metral



duoplasmatron proton source — 2
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http://psdoc.web.cern.ch/PSdoc/acc/ad/VisiteGuidePS/Animations/Duoplasmatron/Duoplasmatron.html

radiofrequency quadrupole (RFQ)

+ Directly after the source, accelerates beam to 750 keV.
*+ Acceleration and focusing based on electrical fields.
- Special-shaped electrodes, structure length 1.75 m, 200 MHz.

R Do o

M. Benedikt



Linac2 (Alvarez structure or DTL)

* Follows RFQ, accelerates the beam to 50 MeV.

+ Acceleration with electrical field, focusing with quadrupole magnets.
RF 200 ke

1946 L. Alvarez et al / LBL M. Benedikt




Alvarez operating principle

Beam is accelerated
when particles travel
between drift tubes.

Half a period later,
protons would be
decelerated but are
shielded inside the
drift tubes.

Accelerating
field 200 MHz

_ Drift tubes and spacings become longer when energy increases
R. Scrivens (i.e. the beam is faster (travels longer distance per RF period).

M. Benedikt



PS Booster

Synchrotron with 4 vertically
stacked rings (length % of PS).

Multi-turn injection of Linac beam |
defines LHC beam emittance |

Acceleration 50 MeV 1o 1.4 GeV.
Cycling time 1.2 seconds

Main problem (for the LHC beam)
is the high beam brightness

(1.6 times higher than achieved)
which creates unmanageable space
charge.

M. Benedikt



Space Charge

Consider 2 protons . Schindl
- Space charge effect: P Force :
- Electrical force, 4} I=ev
Coulomb interaction, *e ' 2 Coulomb
repulsive. 2+ N
- 1 o
Magnetic force of . é) 5 B y
parallel currents, ? . {aey . 0y i )
attractive. 2 et
Coulomb Magnetic E .
repulsion attraction <

- Overall force is repulsive but decreases with energy.
* Cancellation of forces for v = ¢ :

Frad %

By*

- Space charge effects are problematic at low energy.
- Space charge force has a defocusing effect on the beam.

M. Benedikt



Space Charge Tune Spread

In circular machines the beam makes many turns (e.g PSB ~10° turns)

- Particles with small deviations from the design orbit oscillate around the orbit
in phase space.

The Betatron Tune Q is the number of phase space oscillations per
revolution in the machine.

Integer tunes, 3 integer tunes, etc. must be avoided since they lead
to resonances and beam loss.

- Particles will "sum-up” all machine/magnet imperfections, turn-by turn...

The defocusing effect of space charge reduces the tune and leads to
a tune spread AQ) in the beam:

Ny 1

en By’

Once AQ becomes too big there will be always particles fulfilling a
resonance condition and these will be lost.

This is THE major problem at low energy in PSB and PS.

AQ o —

M. Benedikt



Space Charge Tune Spread

Tune diagram of PS Booster for nominal LHC beam

stop-bands (some compensated)
time-varying tune Q(t)
space-charge AQ for LHC beam

M. Benedikt



How to beat space charge in the PSB

Reduce the beam brightness required from the PS Booster.

Fill the PS with two consecutive PS Booster cycles.
This halves A, per PSB batch and thus reduces the space
charge tune shift by a factor 2 to AQ, # 0.4.
Requirements:
- PS Booster has to deliver 1 bunch per ring to PS (5 bunches before).
- New RF system.
- Modification of other RF systems.
- New RF beam control.

M. Benedikt



Double batch filling for PS

+ Double batch filling requires h=1 operation (1 bunch per ring)

T
U
w
=y
I
B

Single—batch filling For SPS

e o . T PS h=8 Fixed Target

-.:3---» (::) Each PSB ring
fills £ PS.

slvee

-

PSB h=1 For LHC
D Two—batch filling for LHC
| PSB bunches
A \ 4 3 2 % 3 PS h=7 concentrated
. in part of PS.
A & At_bgtgb___, Q P
@ / 1™ batch 2™ batch 2" PSB batch
____r%"ﬂ_bglurth__, 1.2 s later

M. Benedikt



Multiturn injection - principle

Beam is injected during few “turns” (3 turns for LHC beam in PSB).
Orbit bump amplitude at injection point varies with time.

Injected beam oscillates (in phase space) around closed orbit,
oscillation is controlled with the betatron tune.

Process is called "phase space painting”.

/“9’7@,@ Horizontal multi-turn injection - schematic layout
g
Septum magnet
¥ 1 X e
S
T e [
B. Goddard

Clnsed arhit himners

M. Benedikt



Multiturn injection

— Horizontal multi-turn injection with tune 4.25
urn

B. Goddard
M. Benedikt



Multiturn injection

Turn 2

B. Goddard
M. Benedikt



Multiturn injection
Turn 3

B. Goddard
M. Benedikt



Multiturn injection

Turn 4

B. Goddard
M. Benedikt



Multiturn injection
Turn 5

B. Goddard
M. Benedikt



Multiturn injection
Turn 6

And so on...

For LHC beam:
3-turn injection

B. Goddard
M. Benedikt



How to beat space charge in the PS

Act on the relativistic parameters and not the beam br-lghfness
as for the PSB.

AQ o«

Increase PS injection energy (PSB extraction
energy) from 1 GeV to 1.4 GeV.

Decreases space charge tune shift by
factor 1.5 to AQ, # 0.2
Requirements:
- Upgrade of PSB Main Power Supply.
- New recombination septa & converters.
- New generators and PFN for fast kickers.
- New transfer line magnets & converters.
- Upgrade of the PSB water cooling system.

PSB ejection septa - double tank

M. Benedikt



An “unforeseen” problem for PSB

Cross section *  Main PSB bending magnets saturation

PSB main dipole magnet
- Even though gap field is low (0.86 T @ 1.4 GeV),
saturation in yoke corners due to special construction.

- Higher magnetic resistance in outer circuits means
lower field and gives different beam energies.

* This problem was "easy” to resolve only because

- In 1970 potential problems with future energy upgrades
were anticipated.. and the cabling was done to allow for
installation of a TRIM power supply.

|_©Tr'im power supply

l Bending magnets D-quadrupoles

coils I and IV _L_:'_

Bending magnets
coils Il and III ~ F-quadrupoles

Thanks to: A. Asner, &. Brianti, M. Giesch and K.D. Lohmann,
The PS Booster main bending magnets and quadrupole /enses, May 1970,

M. Benedikt



Synchrotron (combined
function magnets)

Double batch injection from
PSB (4 + 2 bunches 1.2 s
later).

Acceleration 1.4 to 25 GeV.
Cycling time 3.6 seconds

Creation of the 25 ns bunch
train for LHC.

Shortening bunches for SPS.

M. Benedikt



RF harmonics and bunches

Accelerating RF and the Beam revolution frequency are linked:

- With fye = £, only one bunch can be formed and accelerated.
The "correct” accelerating voltage is only established once per turn.

- For fy = hf,,,. h bunches ban be accelerated, the synchronous
condition is fulfilled h times per revolution period.

This integer h is called the harmonic number.
_— + =
_— amm——
— T
. — " t= o
e == 2
e + % —_—
— s P

K. Schindl

M. Benedikt



Generation of 25-ns bunch train in PS
Longitudinal bunch splitting (basic principle)

- Reduce voltage on principal RF harmonic and simul‘raneouslyﬁ rise
voltage on multiple harmonics (adiabatically with correct phase, etc.)

40 MHz fixed
PS ejection: 320 nsbeam gap | | s —— RF = 40.0 MHz
i T e eI ] on h=84 1.1 x 10" ppb
in 1 turn &
20 MHz fixed
Quadruple splitting RF = 20.0 MHz
at 25 GeV 2.2 x 10" ppb
Acceleration s e
to 25 GeV | I “”””I”I” 18c,:uh"=°2r;es 10 MHz system
) o < RF =9.18 MHz
Triple splitting 4.4 x 10" ppb
at 1.4 GeV
582 irl;jectir?n: I I I L : I o s e
+2 bunches — < =3. z
- on h=7
in 2 batches £ 13.2 x 10" ppb
L)
R. Garoby 5

M. Benedikt



Triple splitting at 1.4 GeV

Tomoscope He Aug 12 17:50:39 2004

2 Wafer‘fa" View Of C Timing 45.'53

longitudinal gymnastics it T 70
" Injecfion Of 2nd PSB batch Tine Span 31.92 ns
(bunches 5 & 6)

h=7 to h=21

- Horizontal scale 2us (~1 turn)
- Vertical scale 32 ms

- Z-direction intensity

« Triple splitting with ' '

different cavities of
0 250 1000 1250 1500 1750 2000

10 MHz system.
H. Scale 4 = | n=/pt M Samples  BOO | ptadtrace Lelay 180 ns W, Scale 0.5 - | Widiv

M. Benedikt



Shortening the bunches for the SPS

- The 72 bunches in the 40 MHz buckets are 12 ns long and have to be

shortened to < 5 ns to fit the SPS 200 MHz system.

- Increasing the voltage shortens the bunch.
- High voltage is cheaper at higher frequency - therefore 40 & 80 MHz

100 kV / 40 MHz
after splitting

Ap/p
0,002

0.001

/"

L e

300 kV / 40 MHz

Tomoscope

hﬂﬂS[?S

Aug 6 16:42:04 2004

600 kV / B0 MHz

TN/

-0.001

~0,002

Requirements for
gymnastics in PS:

- New 40/80 MHz RF systems.
- New RF beam control.

K L
50,/\10Q_ 150 200 25

SSERa L ot

S. Hancock

RF

C Timing 1193

Delta Turns 1Q

N Traces 100
Time Span 2,08 ms

nas

M. Benedikt




PS performance for nominal LHC beam

Required performance is achieved in routine operation.
72 bunches of 1.15 x 1011 ppb every 3.6 s for SPS.

Bunch length ~4 ns, spacing 25 ns, €, ., < 3 um.

Bunch train

1.1 x 10" p/bunch
Modulation + 10 %

Bunch length
40ns+0.2ns

8E12

proto

ns in V2 bunches {12/09

2001)

300

ns/div

Bl

2 nsj

div

M. Benedikt



Super Proton Synchrotron (SPS)

11 x PS circumference

Conventional magnets
(2 Tvs. 4.4 T for Tevatron)

450 GeV energy

Up to ~5x10!3 protons/cycle

Extraction modes:
slow (s), fast-slow (ms), fast (us)

CNGS v beam to Gran Sasso commissioned in 2006

In addition to protons, SPS has also accelerated deuterium,
sulphur, oxygen, lead, indium



The LHC Filling Cycle

12 such cycles fill 1 LHC ring f——> [éxtraction

50 GeV/c

Plateau

£

LHC Proton Injection Cycle : Length 21.6s

2,3 or 4 PS Batches of 72
bunches injected: filling max
4/11t* of the SPS ring

Fast
Extraction
via TI2,
or TI8 to
the LHC

4(26 GeV/c Injection Plateau

0 1 4 6 8 10 12 14 16
Super-Cycle Time (Seconds)

1 Batch of 72 bunches each 3.6 seconds from the PS
When actually filling the LHC, SPS Will do nothing else

P. Collier

]



LHC Filling Cycle

LHC (1-RING) = 88.924 s

SPsS = 7/27 LHC

3-batch

4-batch

N / "\t Bunch Train Pattern

.
*

PS = 1/11 5PS |

T2-Bunches at
28ns Spacin

g
HENRTEER

g
|
| 'r1
|
|

—

234 334 334 334

Filling Scheme

3564 =
2x (72b + 8e) + 30e + 3x(72b + 8e) + 30e + 4x (72b + Be) + 3le +
3x { 2x [ 3x (72b + Be) + 30e] + 4x (72b + 8e) + 31e } + 80e

Beam Gaps
T, = 12 bunch gap in the PS (72 bunches on h=84)
T, = 8 missing bunches (SPS Injection Kicker Rise time = 225ns).

L
n

; = 38 missing bunches (LHC Injection Kicker Rise Time = 0.975us)
39 missing bunches ( " 1.0us)
119 missing bunches (LHC Beam Dump Kicker Rise Time = 3pus)

a
o s
mw n

Y

P. Collier




MSE Septum
Magnets

£ 80 | MKE Kickers
60 +
40 +
20 + MSE L | | Bake-outsystem
Shielding

0 +— | | | |
' 3925 3950 3975 4000 4025

Machine Position /m

Bumped
Circulating
Beam

P. Coilier



SPS Kicker Magnets ...

=

1 / ) \ Resonant charging circuit —
0.8 / \ travelling wave discharge
g 0.6 Flat top duration tailored to
3 f \ beam structure
7 04
< ., ] \ Injection ~24S (MKP)
. ] \ - Extraction ~10.5 u4S (MKE)
L
s Minimize Ripple —»
25 0 25 : 7.5 0 125 15 175 bunch-bunch variations

P. Collier Time us



Transfer Lines to the LHC

Total Length ~5.6km

nint 4

~700 magnets A 7

Point 3

CERN _//

Very small
physical aperture
for the beam

Tails of the beam

distribution to be

scraped at ~3.50
before transfer

Protection
elements against
mis-steering etc.

to be installed

Site de Prévessin

T1 2 From SPS
LSS6

To LHC Point 2
(Alice)

seabirrtt e
“CERN ¢
Site de Meyrin

P. Collier

T1 8 From SPS
LSS4

To LHC Point 8
LHCb




Transfer to LHC : TI 8

Altitude
(m)

450 —

400 —

350 —

300 —

P. Collier

S5FS BA4
site

Magnet Count

Dipoles 268

Quadrupoles | 86

e | Correctors 42

14 m

392 mm
411 mm

il wolhmp | 1 |
— | =GN Point 8
"_\ T N | Ferney—Voltalre
PGCS J\ |
_PGLE
LS54 MORAINE
Junction T®
TU”’?e
f T‘;‘S
Beamline Length /m 2694
Horizontal Deflection 106.5° Existing tunnel e
. . — 1 [} Point8
Vertical Deflection 4.3° e LT HO
MaX Slope 38% Junction Tl 8-LHC
| | | | |
0 0,5 km 1 km 1,5 km 2,5 km 3km




TI 8: Civil Engineering Layout

Co-existing with CNGS ACCeSS sha
|
ISSm

B CNGS Works SPS tunnel

chamber

LEP/LHC tunnel

‘Hadron stop
and first muon detector

neutrinos &f;

muons Z‘: to T]S;LHC

Second muon detector

neutrinos /.
to Gran Sasso -
L]

P. Collier

Connection gallery

SPS/ECA4




TI 8 Installation

Leaky feeder cable 640

Current + support rail

250 250 __ 250

|
|
|
| Panel carryi
- safety
| elements
N ‘ safety
[ related
3 | cables
B o
A
J | )
i
\ 60 [
575 525 400 L 800 W\L@J
Reference
Guidance ling socket

TYPICAL TI 8 CROSS SECTION

Magnets transported and
placed in around 3 months.

P. Collier




TI 8 Beam Tests

Settings of the line set to 449.1 GeV (Calibrated SPS Energy)

First shot went all the
way down to the T1 8
Stopper at the entrance
to the LHC tunnel

tProfiles.

| 1
BPMI_TIEDYWHBPMLShared Act]
BTVI_LSS4. 41895 getimans
BTVI_TIH.B7604 et Profiles

1 i .... through 2.5 km of
i very small beam pipe

Quadrupole
Vacuum chamber

P. Collier



Large Hadron Collider (LHC)

Low B (pp)
High Luminosity

v Cetant3 7

Low
(B physics)

proton-proton collider

next energy-frontier
discovery machine

c.m. energy 14 TeV
(7x Tevatron)

design luminosity
1034 cm-2s-t
(~100x Tevatron)

450-GeV engineering
run in fall 2007;

first 7-TeV physics run
In 2008

nominal LHC is a very challenging machine!



BEAM RIGIDITY

magnetic field

~0.5
MCHF
each

weight
37 tons

1232

dipole
magnets

E. Metral
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luminosity & beam-beam

L 1:revn beF

luminosity formula

drre ,B oo
N head-on beam-beam tune shift/ IP,
- o Ny = ~N, /& (brightness)
o Age 9N like space charge;
" £:0r<0.01:

constraint from SPS experience

| — feyN, NSy alternative
,3 r luminosity formula
at beam-beam limit

frev revolution frequency, n,: #bunches, N,: particles/bunch;
g,. hormalized emittance; 3*: beta functlon at IP; r,: classical proton radius;
Fgeom: geometric reduction factor (crossing angle and hour glass)



three LHC challenges

¢ collimation & machine protection

- quenches, cleaning efficiency,
Impedance

¢ beam-beam interaction
- head-on, long-range, weak-strong,
strong-strong

¢ electron cloud
- heat load, instabilities, emittance growth
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At <1% of nominal intensity LHC enters new territory

R. Assmann



LHC “phase-I1"” Collimation System

; ~140 collimators!

Momentum
Cleaning

\ TCP.D6L7
W TCP.C6L7
\ TCP.B6L7
TCSG.ABLT
L TCSG.B5L7
TCSG.ASL7
\ TCSG.DALT
TCSG.BALT
TCSG.A4LT
IP7

TCLA.E6L7
TCLA.C6L7
+CLAABL7
a” TCSG.6LT

'TCLA.ASR3
| TCSG.B5R3
' TCSG.ASR3
TCSG.4R3

TCSG.D5L7
TCSG.BSLT
TCSG.AALT

TCSG.A4AR7
TCSG.BART

TCSG.4AL3
TCSG.ABL3
TCSG.BSL3
TCLA.ABL3
TCLA.BSL3

TCSG.A4ART
| TCSG.BSRY
| TCSG.D5R7
TCSG.ESRY
! TCSG.6R7
¢ TCLA.ABRT
! TCLA.C6RY

e, Betatron
g .
P8 Cleaning

R. Assmann



LHC beam dumping system

TDE dump block 10 x MKB kickers 15 x MSD septa

TCDQ protection TCDS protection / 15 x MKD kickers

Q4
Kicker Diluter

MKB TCDQ| //;

~ Diluter Kicker Diluter
TCDQ MKB

Total ‘beamline’ length :
975m from kicker MKD to dump TDE

B. Goddard



dump system - tunnel layout

UFEZ-LEP

B. Goddard



beam-dump absorber

@ 0.7m x 7.7 m C cylinder

B. Goddard



dilution of dumped beam with spiral
sweep on absorber

 [aofemsweepongn]
nominal system future upgrade’?

B. Goddard



electron cloud In the LHC

M0 s Fm 20 nx 5 ns

schematic of e- cloud build up in the arc beam pipe,
due to photoemission and secondary emission

[F. Ruggiero]



beam-beam effects at LHC

wm:mam e PACMAN burch 5w
n‘ ,

head r

-
collision ,
| ong-range

collisions p 4 |ong-range
collisions

L
L

& -

30 long-range collisions per IP, 120 in total




lon beams in LHC

¢ LHC can operate as heavy-ion collider,
in particular for ALICE experiment

¢ the ion beam is also produced in the
Injector complex —some additional

ISSUES:

- e- stripping (wanted and unwanted)
- e- capture
- electron cooling

¢ ion collimation in LHC still unsolved
- lons react differently with primary collimators



Accelerator Options after LHC

» Hadron colliders:
Upgrade LHC luminosity 10** — 107

Upgrade LHC energy 14 — 28 TeV ?
VLHC (40/200 TeV phase I/11)
Not here, CERN participates

* Lepton colliders:

ILC (0.5-0.8/1.0 TeV)
Consensus: the “next” project
Not here? CERN participates?

CLIC (0.5—-3(57) TeV)
future flagship?

wtu- collider in TeV class ?7?

e Advanced neutrino beams

Superbeam: v, but not very pure
uses ISR tunnel

Neutrino Factories:

- Based on p decay in ring: v,
uses CPS and SPS

- Based on p decay inring: v, v,

Comment: all have synergies with
ISOLDE, EURISOL, and neutron-
spallation source;

rather decoupled from LHC/ILC
results?

K. Hubner
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topics addressed

» CERN accelerators & beams
* a bit of history

* beam dynamics constraints
* beam parameters

- injection & extraction

» future machines
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| will post these talks near the top of my home

http://wwwslap.cern.ch/~frankz

If you have any questions, you can always send me emalill

frank.zimmermann@cern.ch
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