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Outline

* Overview future (and past) high energy colliders

CLIC := Compact Linear (e+e-) Collider

- Why e+e-? —> precision physics

- Why linear? -2 no synchrotron radiation
- how compact? > 100 MV/m with NC RF

* Basic Parameters of CLIC...Comparison with ILC

* Focus on two aspects:
- Nanometer Size Beams at IP: Why and how?
- RF Powering through a second particle beam: Why and how?
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Past/Existing High Energy Frontier Colliders

Only referring to the highest energy
Lepton colliders:

* LEP (Large Electron Positron Colliders)
* Z,factory at 90GeV electron-positron cms energy
 W*W- factory at 160GeV
e Maximum 209 GeV cms energy for higgs search
(bad luck: e+e- = 7Z°H needs about 250 GeV)
* Closed in the year 2000

e SLC (Standford Linear Collider)
» Z,factory at 90GeV electron-positron cms energy

Hadron colliders

e LHC (Large Hadron Collider):
* Proton-proton with 13TeV
* |on-ion operation



Considered Future High Energy Frontier Colliders

Circular colliders:
e FCC (Future Circular Collider)
* FCC-hh: 100TeV proton-proton cms energy, ion operation possible
* FCC-ee: Potential intermediate step 90-350 GeV lepton collider
* FCC-he: Lepton-hadron option
* CEPC/ SppC (Circular Electron-positron Collider/Super Proton-proton
Collider)
* CepC:e*e 240GeV cms
* SppC: pp 70TeV cms

Linear colliders

* |LC (International Linear Collider): e*e;, 500 GeV cms energy, Japan
considers hosting project

* CLIC (Compact Linear Collider): e*e’, 380GeV-3TeV cms energy, CERN
hosts collaboration

Others

* Muon collider, has been supported mainly in the US but effort has
stopped

* Plasma wakefield acceleration in linear collider...not yet ready

* Photon-photon collider

* LHeC



LEP (at CERN)

27km circumference
Electron-positron collider
4 experiments: ALEPH, DELPHI, L3, OPAL ACCUMULATOR (600 Mewy —— (T o OTRON 65 G
CMS energy: 90GeV (LEP 1) - 209GeV (LEP 11) . \

Peak Luminosity: 1032cm2s!
Operation: 1989-2000

¢ LINEAR ACCELERATOR (E00 Mev)

Highest particle speed in any accelerator

SUPER PROTON SYNCHRGTRON (20 GeV)

LEP (50 GeV PER BEAM)

) FOCUSING MAGNETS ELECTROSTATIC SEPARATOR
BENDING MACNET
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SLC (at SLAC)

Electron-positron linear
collider

2 experiments: first MARK I, e
then SLD r- R
CMS energy: 92GeV

Peak Luminosity: 2x1030cm-2s

1
2

Operation: 1989-1998 - Hef s

The only linear collider sofar

S

=
™ garc Bendin

'\‘/ Magnets Pgmcle Detector

S
A A
g . Final Fﬁgusing

Ns..gnets ')
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The LHC (at CERN)

27km circumference (well, the LEP tunnel)

4 main experiments
Nominal CMS energy: 14TeV
Peak Luminosity: 103*cm2s?

Operation: 2009-today

Highest particle energy in any accelerator

H.Schmickler CLIC - CAS@ESI Archamps 2019
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Collider Choices

e Hadron collisions: compound particles
— Mix of quarks, anti-quarks and gluons: variety of processes L/ g
— Parton energy spread

— QCD processes large background sources PP N ET——
total cross section increases with log s; b/ ’X’ —
- il Z g %)
“interesting cross sections” decrease with s ——S . x0b \{ﬁ
.. . B n
— Hadron collisions = large discovery range S

* Lepton collisions: elementary particles

— Collision process known

— Well defined energy \

— Other physics background limited e-e

— Lepton collisions = precision measurements \r 4

— All cross sections decrease with s / ";'“<
AN

* Lepton-hadron is also possible

H.Schmickler CLIC - CAS@ESI Archamps 2019
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Higgs Physics in e+e- Collisions

a E
= r 1 * Precision Higgs measurements
§ 10° 3 T ¢ Model-independent
T - ] * Higgs couplings
'O 10 3 E + Higgs mass
"E . 4« Large energy span of linear colliders
B ] 3 3 allows to collect a maximum of
- . information:
107 ¢ E » ILC: 500 GeV (1 TeV)
- ‘ i * CLIC: ~350 GeV — 3 TeV
10-2 ] 1 1 | 1 1 ] 1 1 1 1 ]
0 1000 2000 3000
(s [GeV]
et V4 e* t et
>'< H
Z N
e H e i o
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. c LHC  <Vs=14TeV L=10%*cm2s™ rate 9‘2’3’9197'
arn T T T T 3
General event properties sinelastic | LV input — il e :s
------- < 10 '®
mb BT AP """" é 10 4
Heavy flavor physics = ImHz  J10 *®
- i,:u = 12
Standard Model physics X miax L1 putput i g
. . as s sassossasafesasnsedocosidues = ! sssssnsssnssncescadhasan PR — ._i 1°
+ QCD jets " NI b -
. EWK thSics » : Wshy - r LY 1&“‘[]‘1‘% § 10 »
+ Top quark ae B3 LG < R — Yo
g5 St \\\EU %Hz 107
- - NN - 106
— O
nggs phySlcs pb qaﬁans.‘,.\\.&$\t 4 105
Searches for SUSY :ﬂ-:{/ wivpp—- [T rqmHz {10
Searches for ‘exotica’ f g KN 10°
. /\( - - )
fb 10
/ Hg,, >ZZ >4l N\
. Z,, 37 | ealar L@Q\] Z,0TTN e e
100 200 500 1000 2000 5000 :
particle mass (GeV)
P. Sphicas CERN Accelerator School 34

The Standard Model and Beyond

Feb 06, 2016

H.Schmickler
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QCD lecture 2 (p. 11)

Quark distributions A” rk
I—Summatry t q Lid 5
quarks: xq(x)
0.6 ~ ' ' These & other methods — whole set
: Q% = 10 GeV? of quarks & antiquarks
0.5 | CTEQSD fit NB: also strange and charm quarks

» valence quarks (uy = u— 1) are
hard
x—1:xqy(x)~ (1-x)3
quark counting rules
x — 0 : xqy(x) ~ x93
Regge theory

» sea quarks (us = 2@, ... ) fairly
soft (low-momentum)
x — 1:xqs(x) ~ (1 —x)
x — 0: xgs(x) ~ x=0-2

7

H.Schmickler

CLIC - CAS@ESI Archamps 2019




Physics Beyond the Standard Model (BSM)
Example: Dark Matter

The outer region of galaxies rotate faster than expected from visible matter Corbelli & Salucci (2000);
Bergstrom (2000)

/GM r
Vcirc = r( ) observed

‘ e T A o expected
Dark matter would explain this o e T froFr,n
- SRR _ luminous disk

Other observations exist
* But all through gravity

10 R (kpc)

What is it?

One explanation is supersymmetry .~ M33 rotation curve




Supersymmetry

Supersymmetric
Partner

Spin Spin  Spin
1/2 1 0

Spin Spin  Spin
0 1/2 1/2
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Example of Potential SUSY Scenario

3 :
10 & Hex | ]SUSY Model 3
A | — Higgs
= 10° 3 3 — %,i.6
= ]| — charginos
S 10'F || 3 e
[ N ‘r’ —— — — U.,U.,P
8 0 o ¥ urve '
n 107 F {/ /———== _ neutralinos
a /. 7
g —1 fﬁ[ 7
107" F G’Mﬂ 7
-2 0 N N A
10 6771000 2000 3000
350GeV Vs [GeV]

Consistent with current LHC results
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A “real” story from the past ...

Barcelona, 15 March 1493 ... ] {73—-;;- ]

Your Majesty, the fleet needs an upgrade, we need to go back to the Indies
with 10 times more ships

King Farcisand ind O T P
You discovered the Indies, your theory is right, why do you need more?
CristofoRolf Columbus:
Theorists* say these may not be the standard Indies.They calculated the

Earth radius, and the standard Indies cannot be so close: these are likely to be
beyond the standard Indies (moving eastward ...)

* If the King had listened to theorists to start with, he would have never
authorized the mission: everyone would have died of starvation well before
reaching the “standard” Indies ... 3
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Lepton Collider Options

Three main approaches

* Big LEP-type collider ring
— FCC-ee, CepC
— Later a proton collider in the same tunnel

* Linear collider

— ILC, CLIC
— The focus of this course

e Muon collider



H.Schmickler

Ring Collider Energy Limitation

Beam can be used many times

Lepton beam energy is below LHC _cmmmr

-> magnets are not a problem

But synchrotron radiation is:
4

E\ 1
AE <|—| —
m/ R

At LEP2 lost 2.75GeV/turn for E=105GeV

Pay for installed voltage (AE) and size (R),

so scale as: ’
Rx FE

= AE <« E*/E*
— AE « E?
= AE « R

accelerating cavities

C,=a,E*+b,

-> use heavier particles, e.g. muons
-> or linear collider
(-> or try to push a bit harder on cost)

CLIC - CAS@ESI Archamps 2019



Linear Collider Energy Limitation

Hardly any synchrotron radiation

C =aq F +b
Beam can only be used only once L 7L L
-> strong beam-beam effects

Acceleration gradient is an important issue

H.Schmickler CLIC - CAS@ESI Archamps 2019



Cost [arb.u.]

H.Schmickler

Simplified Cost Scaling Comparison

S N O~ O 0 O

Linac:

C,=aFE+bh

Ring:
—_ 2

0 OI_5 1 1I_5 2 2I_5 3 Power consumption

behaves similar to cost
Ecm [arb.u.] for constant luminosity

There will always be an energy where linear colliders are better

CLIC - CAS@ESI Archamps 2019



Circular vs. Linear Colliders

Circular, F. Gianotti
adding four

experiments Modified from original version:
http://arxiv.org/pdf/1308.6176v3.pdf

—
o
[ye]

—_
o

— fir 7B AR g2

China prepares a project
similar to FCC-ee

Luminosity [10%* cm2s-]
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Generic Linear Collider

main linac detector main linac

e- source e+ source

The main linac provides the energy of the beam

Issue 1: the gradient

H.Schmickler CLIC - CAS@ESI Archamps 2019



Generic Linear Collider

N?
L=Hp——mf;

dro o,

main linac detector main linac

e- source e+ source

But little luminosity, since beams collider only once

Need very small o, and o,

H.Schmickler CLIC - CAS@ESI Archamps 2019



Generic Linear Collider

damping main linac detector main linac damping
ring rng

e- source RTML RTML e+ source

The damping rings reduce the phase space (emittance g, ) of the beam
The RTML (ring-to-main linac transport) reduces the bunch length

A =

energy loss re-acceleration

H.Schmickler CLIC - CAS@ESI Archamps 2019



Generic Linear Collider

ﬁ €
Mrytxy
Ory =
damping main linac I detector main linac damping p
ring rng
e-source RTML BDS BDS RTML e+ source

The beam delivery system (BDS) squeezes the beam as much
as possible, i.e. reduces B, |

H.Schmickler CLIC - CAS@ESI Archamps 2019
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ILC Layout

e+ bunch
Damping Rings IR & detectors compressor

e- source

o inndh e+ source
compressor positron
main linac
11 km

-
central region
5 km

electron
main linac 4
11 km

2km~

CLIC - CAS@ESI Archamps 2019
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CLIC — layout for 380 GeV

< only one DB complex (With 2x RF pulse length compared to 2 DB complexes)

< drive beam time delay line
(1%t half of pulse sent there)

<« shorter main linac

circumferences | |
delay loop 73 m

446 klystron
20M

drive beam accelerator

Drive Beam | CR1293m
Generation | (R2439m
Complex
4 delay loop
Drive beam ‘ @

! time delax line ’

m BDS - BDS M
1.9km 1.9km

decelerat 878 m

2.5km

s

e~ main linac, 12 GHz, 72 MV/m, 3.5 km

e* main linac

BC2
4})

N\ [

combiner ring
turnaround

damping ring
predamping ring
bunch compressor
beam delivery system
IP  interaction point
dump

Hermann Schmickler

(11 km>

Main beam |

booster linac
2.86 to 9 GeV

e- injector
2.86 GeV

et injector
2.86 GeV

CAS Chavannes 2017

Main Beam
Generation
Complex
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CLIC Staged Design

drive beam

Vv
gt—:[-}gctor main beam 380 Ge
[ |
mm accelerator 100 MV/m
1.5TeV
3TeV

B
unused arcs

Staged design for CLIC to optimise physics and funding profile:
© First stage: E_.=380 GeV, L=1.5x10%cm=s, L, ,,/L>0.6

© Second stage: E_,.=O(1.5 TeV)

© Final stage: E_ =3 TeV, L, ,,=2x10%cm=s?, L, ,/L>0.3

Hermann Schmickler CAS Chavannes 2017




Cavity/Accelerating Structure

ILC cavity
1.3 GHz, superconducting

Target effective
operational 31.5MV/m

Target gradient 35MV/m

Q,=1010 CLIC accelerating structure
12 GHz, normal conducting

Target loaded gradient 100MV/m

Target unloaded gradient 120MV/m

Q=6 10°

H.Schmickler CLIC - CAS@ESI Archamps 2019
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Warm vs Cold RF Collider

< Normal Conducting < Superconducting
© High gradient => short linac © « long pulse => low peak power ©
< High rep. rate => ground motion © large structure dimensions => low WF ©

suppression ©

© Small structures => strong wakefields & © Very long pulse train => feedback within train ©

© Generation of high peak RF power ® © SC structures => high efficiency ©

< Gradient limited <40 MV/m => longer linac ®
(SC material limit ~ 55 MV/m)

© Large number of e+ per pulse ®

© very large DR ®

Hermann Schmickler CAS Chavannes 2017



ILC and CLIC Main Parameters

Centre of mass energy o [GeV] 3000
luminosity L [103*cm2s1] 0.0003 1.8 6
Luminosity in peak Loo; [10%4cm2sl]  0.0003 1 2
Gradient G [MV/m] 20 31.5 100
Particles per bunch N [107] 37 20 3.72
Bunch length o, [um] 1000 300 44
Collision beam size Oy [nm/nm] 1700/600 474/5.9 40/1
Vertical emittance €y [NM] 3000 35 20
Bunches per pulse n, 1 1312 312
Distance between bunches Az [mm)] - 554 0.5
Repetition rate f. [Hz] 120 5 50

ILC has parameter sets from 250 GeV to 1TeV
CLIC has parameter sets from 250 GeV to 3TeV

H.Schmickler CLIC - CAS@ESI Archamps 2019



Let us look at two main aspects:

 Why does CLIC need so small vertical beam sizes?

(6 times smaller than ILC)

— and what does this imply for the technical systems



Luminosity and Parameter Drivers

: AT2
Can re-write normal N

luminosity formula ,C, — HD—'nbfr
dro o,

&

1
Nnyfp —

O 5 »‘ O'”
I Beam power T

Luminosity
spectrum

ED(HD

Luminosity

Need to ensure that we can achieve each parameter
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Small (vertical) beam sizes

Only Normal conducting RF enables
accelerating gradients of 100 MV/m

In the present CLIC RF structure (23 cm
long) some 50 MW peak power are needed
to produce a 100 MV/m accelerating field

With 50 Hz repetition rate beam pulse is as
short as 156 ns; i.e. duty cycle 8 * 10-6!!!
Still 300 MW electrical power only for the RF
acceleration in case of the 3 TeV accelerator

Max. Rf frequency in damping rings:
2 GHz (presently 1 GHz): 312 bunches/pulse
< wake fields in accelerating structure

4 * 10° particles/bunch

Flat beams for minimum energy spread in
luminosity spectrum; need to get high
luminosity from small vertical beam size
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Like firing bullets to hit in middile ...

30

H.Schmickler CLIC - CAS@ESI Archamps 2019



Except that ...




Whole list of requirements for colliding small beams

* Generate small vertical emittance in high performance damping rings
e Extract from damping rings with low ripple kickers (10-4)

* Transport beams over 24 km without emittance growth
- through hundreds of quadrupoles
—> active stabilisation against ground motion
- through thousands of acceleration cavities
- 10 um alignment to avoid wakefields

* Beam delivery system with highest gradient quadrupoles
* Feedbacks....feedbacks....feedbacks



Let us look at two main aspects:

* Why “two beam acceleration”?
- usually we have already problems enough with one beam....

- Mainly a consequence of the very short beam pulse

H.Schmickler CLIC - CAS@ESI Archamps 2019



Why not using klystrons as RF powersource?

Reminder: Klystron e Flection
— narrow-band vacuum-tube amplifier at microwave frequencies Input
(an electron-beam device). Cavity \’E 3—

— low-power signal at the design frequency excites input cavity
— Velocity modulation becomes time modulation in the drift tube

— Bunched beam excites output cavity ) Drlioft
Tube

We need: - high power for high fields
- very short pulses (remember: 200 ns!)

0]
We need also: Many klystrons Cau\fiFt);/Jt \"[
— ILC: 560 10 MW, 1.6 ms

— NLC: 4000 75 MW, 1.6 ps
— CLIC: would need many more klystrons with extremely short pulses

S

Collector

—) o e —

— Avoid another critical set of components: RF pulse compression schemes

- Drive beam like beam of a gigantic klystron



CLIC — layout for 380 GeV

< only one DB complex (With 2x RF pulse length compared to 2 DB complexes)

< drive beam time delay line
(1%t half of pulse sent there)

446 klystran

circumferences 20 M

delay loop 73 m

Drive Beam CR1 293 m drive beam accelerator
< shorter main linac Generation | CR2439m
Complex 2.5 km
4 delay loop
Drive beam

decelerato 4 sectors o 878 m

Covmmr S Do S
-

e~ main linac, 12 GHz, 72 MV/m, 3.5 km

1.9km 1.9km

‘ time delax line ’

e* main linac

-~

~ V=

(11 km)

CR combiner ring
TA turnaround
DR damping ring
PDR predamping ring
BC bunch compressor
BDS beam delivery system
P interaction point
| | dump
e~ injector
2.86 GeV
H.Schmickler

Main beam |

booster linac
2.86 to 9 GeV

Main Beam
Generation

et injector Complex

2.86 GeV
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Two-beam acceleration

Counter propagation from central
complex

Instead of using a single drive beam pulse for the whole main linac, several (Ng = 24)

short drive beam pulses are used

Each one feed a ~880 m long sector of two-beam acceleration (TBA)

decelerator sector main linac 2
& - & D & D main beam
pulse
pulse 2 pulse 1

From central
complex

Counter flow distribution allows to power different sectors of the main linac
with different time bins of a single long electron drive beam pulse

The distance between the pulsesis 2 L = 2 L,,,i/Ns (Lain= Single side linac length)

R.Corsini

The initial drive beam pulse length ts is given by twice the time of flight through one single linac

SO tpg =2 L,n/C, 140 ps for the 3 TeV CLIC

This is the required RF pulse length of the drive beam klystrons.

H.Schmickler CLIC - CAS@ESI Archamps 2019




Drive beam time structure

C C C

2904 bunches
83 ps (12 GHz)

L 4 L 1 o HEEDREN o L 1
7 77 77 77 77 77

— —— ——— —

240 ns

5.8us

v

A

140us, 24 trains

v

A

I Bunch charge: 8.4 nC, Currentin train: 100 A I
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CLIC Drive Beam Scheme

* Very high gradients possible with NC accelerating structures at high RF frequencies (12 GHz)
* Extract required high RF power from an intense e- “drive beam”

* Generate efficiently long beam pulse and
compress it (in power + frequency)

‘few’ Klystrons Power stored in Power extracted from beam
Low frequency electron beam in resonant structures Accelerating Structures
High efficiency High Frequency - High field

Long RF Pulses Electron beam manipulation Short RF Pulses
Po ., Vo, o Power compression P, =Py x N;
Y Frequency multiplication T, =19/ N,

va = voX Ns

H.Schmickler CLIC - CAS@ESI Archamps 2019



More on drive beam generation

® Again a big transformer:
- But now in time domain

© Input: Long beam pulse train
low current
low bunch frequency

® Output: Short beam pulse trains
high current
high bunch frequency

® => high beam power

Drive beam time structure - initial
240 ns

«—>
L e e e e e e

140 ps train length - 24 x 24 sub-pulses
4.2 A-24GeV-60cmbetween bunches

Drive beam time structure - final

240 ns
< > 5.8 us

24 pulses - 101 A - 2.5 cm between bunches

H.Schmickler CLIC - CAS@ESI Archamps 2019




Lemmings Drive Beam

Alexandra
Andersson



CLIC decelerator

e Goal: transport particles of all energies through the decelerator sector:
in the presence of huge energy spread (90%)

* Tight FODO focusing (large energy acceptance, low beta)

* Lowest energy particles ideally see constant FODO phase-advance
u~90¢2, higher energy particles see phase-advance varying from u~902 to
u~109

NG —e—

121 ——

0 I'ors

* Good quad alignment needed (20um)

8

* Good BPM accuracy (20pum)

r [mm]

* QOrbit correction essential ¥

— 1-to-1 steering to BPM centres N 4 “__‘,«“’:.
, e

— DFS (Dispersion Free Steering) 2 — pm—
gives almost ideal case 0

0 200 400 600 800 1000

H.Schmickler
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Power extraction structure PETS

* must extract efficiently >100 MW power from high current drive beam

* passive microwave device in which bunches of the drive beam interact with
the impedance of the periodically loaded waveguide and generate RF
power

» periodically corrugated stru impedance {biga/k)

The power produced by the bunched

* ON / OFF (wp) beam in a constant impedance
mechanism structure:
Design input parameters PETS design

*
P=I’L’F'w, RiQ

4y
Beam eye g
view
\ P - RF power, determined by the
: ' accelerating structure needs and
e the module layout.
| — 7 l,; ™ I - Drive beam current
4 ‘ L - Active length of the PETS
/ \ F, - single bunch form factor (* 1)
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12 GHz PETS assembly

8 bars, as received from VDL

I. Syratchev
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Present PETS status (12 GHz)

Typical RF pulse shape in ASTA during
the last 125h of operation

< achieved 150 MW @ 266ns 160-
in RF driven test at SLAC — )
© up to >250 MW peak power beam driven gwo-
at CTF3 (recirculation) p &
© model well understood . L
AW

[ [ [ [ [ 1 [ [
250 500 750 1000 1250 1500 1750 2000

~ Time [ns]
T T
kb Measured (current) | - MW
Measured (power) r
Model (power) a
§ 20 n
g
g . N
o 10F . 100 -
. a CLIC target
‘f. " 50 |- pulse
gl il ] | e Wy r
100 200 300 400 L
Time, ns 200 400 600
n
S
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CLIC two-beam Module layout

Standard module

2010

30

32,5

611

32,5

230

20

74 270

611

74

270

VACUUM TANK

30

1980

CLIC STANDARD MODULE LAYOUT

650

Total per module
8 accelerating structures
8 wakefield monitors

4 PETS
2 DB quadrupoles
2 DB BPM

Total per linac
8374 standard modules

© Other modules have 2,4,6 or 8 acc.structures replaced by a quadrupole
(depending on main beam optics)

© Total 10462 modules, 71406 acc. structures, 35703 PETS

H.Schmickler
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CLIC two-beam Module

- v_

AN

e

© Alignment system, beam instrumentation, cooling integrated in design

G.Riddone
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CLIC - Future Milestones

/)./013-18 Development
: Phase

i Develop a Project Plan for a staged
i implementation in agreement with
i LHC findings; further technical

i developments with industry,

i performance studies for accelerator
: parts and systems, as well as for

CTF3FHdlayout?
DELAY®E

LOOPE
N7 COMBINER®

A msl
1501 k ' RINGE
-~
DRIVEBEAME 3
LINACE
CLERE
{ CLICEXperimentaliAre.
g 7
Two- stiStand{TB 1=
TestiBeam(LineHTBL)2

100

other potential projects as FCC),

: 4-5 year Preparation Phase

)\ Finalise implementation parameters,

i |Drive Beam Facility and other system

i |verifications, site authorisation and

7/ preparation for industrial procurement.

Prepare detailed Technical Proposals for
i the detector-systems.

: Construction Phase

i Stage 1 construction of CLIC, in
i parallel with detector construction.

i Preparation for implementation of
: further stages.

DL delay loop
CR combiner ring I |
TA  turnaround

TBA two-beam acceleration

——
W dump drive beam accelerator

0.48 GeV, 4.2 A
DL

0.48 GeV, 101 A

e~ injector
0.25GeV, 1.2 A

2018-19 Decisions '
On the basis of LHC data
and Project Plans (for CLICand

take decisions about next project(s)
at the Energy Frontier. :

2024-25 Construction Start

Ready for full construction :
and main tunnel excavation. :

Commissioning :
Becoming ready for data- :
taking as the LHC programme
reaches completion.




CLIC near CERN

; a4
Legend

=mms CERN existing LHC
Potential underground siting :
ssesa CLIC 500 Gev

esse CLIC 1.5 TeV
ese® C(CLIC 3 TeV

> E—

¥ Tunnel implementations (I

-

. R
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Hermann Schmickler

CLIC Documentation - CDRs

Vol 1: The CLIC accelerator and site facilities
(H.Schmickler)

- CLIC concept with exploration over multi-TeV energy
range up to 3 TeV

- Feasibility study of CLIC parameters optimized at 3 TeV
(most demanding)

- Consider also 500 GeV, and intermediate energy range
Vel & Rbysics and detegtars at CLIG (L Linssen)
- Physics at a multi-TeV CLIC machine can be measured

with high precision, despite challenging background
conditions

- External review procedure in October 2011
Vod 3 pl 6 6 st pelyi tsdnpneasyte (S sPaneHecember

- gg%wlmary and available for the European Strategy
process, including possible implementation stages for a
CLIC machine as well as costing and cost-drives

- Proposing objectives and work plan of post CDR phase
(2012-16)

- Completed and printed, submitted for the European
Strategy Open Meeting

in September

CAS Chavannes 2017

In addition a
shorter overview
document was
submitted as input
to the European
Strategy update,
available at:



https://edms.cern.ch/document/1234244/
http://arxiv.org/pdf/1202.5940v1
http://arxiv.org/pdf/1209.2543v1
http://arxiv.org/pdf/1208.1402v1

Slides for detailed explanation
of small vertical emittances

all slides get called from within the talk
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Bunch structure

© SC allows long pulse, NC needs short pulse with smaller bunch charge
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Beam-beam Effect

Bunches are squeezed

strongly to maximise
luminosity

Electron magnetic fields are
very strong

l 9e+32 T T T T T T
. 8e+32 |
Beam part.lcles t.ravel on — 7e432 |
curved trajectories 3 6es32 }
l > 5e+32 |
éD 4e+32 |
They emit photons (O(1)) ‘e 3e+32
(beamstrahlung) o 2e+32 }
1e+32 |

' e

2900 2920 2940 2960 2980 3000 3020 3040

They collide with less than
E., [GeV]

nominal energy

H.Schmickler CLIC - CAS@ESI Archamps 2019
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Beamstrahlung Optimisation

For low energies (classical For CLIC at 3JTeV (quantum regime)
regime) number of
: 100
emitted photons 0,=25um —+—
Qs 0,=50um -
N £
O+ Oy -
<
N < 10
9
Lo —— =
g0 <
rUy X
_|8
Hence use Oy 2> Oy y
Op T 0y = Oy
E 1 Total lumin| CLIC parameter choice ,inosity in
L x HD Nnbfr — grows for smaller

peak starts to

Ty beams decrease again

H.Schmickler
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,-"5 Breakdown-rate vs gradient

© Higher breakdown rate for higher gradient

© Strong function of the field (~E~%0)
=> small decrease of field lowers BDR significantly

10
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Unloaded Gradient (MV/m) C. Adolphsen /SLAC
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Breakdown-rate vs pulse length

» Higher breakdown rate for longer RF pulses

pd °
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Accelerating structure developments

© Structures built from discs 10
© Each cell damped by 4 radial WGs
&
&

Time of next bunch

10"

terminated by SiC RF loads

Higher order modes (HOM) 5 o . + .
enter WG = i M

© Long-range wakefields I e |
efficiently damped )

00 ©O5 10 15 20 25 30 35 40 45 50
Time [ns]
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Limitations of NC Gradient E__.

© Surface magnetic field
© Pulsed surface heating => material fatigue => cracks

© Field emission due to surface electric field
© RF break downs
© Break down rate => Operation efficiency
© Local plasma triggered by field emission => Erosion of surface

© Dark current capture
=> Efficiency reduction, activation, detector backgrounds

© RF power flow

© RF power flow and/or iris aperture apparently have a strong impact on
achievable E_ . and on surface erosion. Mechanism not fully understood




,-,’L‘ Pulsed surface heating - Fatigue

H[A/n]

= 3.5000e-003
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© Magnetic RF field heats up cavity wall
© Extension causes compressive stress
© Can lead to fatigue

Hoe
I Failure ()
° AT
© Highnumber of cycles limitsto £ _| = ™\ Steels, Mo, Ti,.. A f
smaller stresses € | et o,
© 20 years operation => ~1010 E No Failure
cycC les!  Fatigue Stength at Ny Cpoles !
[Curve B) |
© Limits maximum AT and |
peak magnetic field 105704 10 105 107 108 108

Cycles to Failure, N
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Pulsed surface heating

© Pulsed surface heating proportional to
© Square root of pulse length

© Square of peak magnetic field AT = \/,Uo 0)@ |:| 2

© Field reduced only by geometry, 27T gﬂ,ch
but high field needed for high gradient

© Limits the maximum pulse length

=> short pulses (~few 100ns) AT temperature rise, o electric conductivi ty
A heat conductivity, o mass density
Numerical values for copper Cy specific heat, t, pulse length

~

H peak magnetic field

AT ~ 4.10| KM | g2
= \/?2 P acc Jy

AT . = 50K

g, geometry factor of structure design

4.10"" ) fE.

t < [ AT e )2 1 typical value g,, =12
P

acc




