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Compact Linear Collider (CLIC) Overview

H . flﬁ‘f‘y A&7 W 7
* CLICis a concept for a next generation L

i H 1 , ' Compact Linear Collide: (CLI(Z) /
high energy physics (HEP) facility. | (i e
Iﬂ I 1.5 TeV - 29.0 km (CLIC1500) 4 4
Z o 3.0Tev-501km(CLIC3000) £

 Staged implementation to collide b7/ |
electrons and positrons at energies W
from 250 GeV to 3 TeV (e+ e- collider).

* To achieve this in a reasonable length
accelerating structures operating at an
accelerating gradient of 100 MV/m are
proposed.

Geneva

Figure: Overhead view of the planned CLIC layout.[1]
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RF Acceleration

* These structures are of a travelling wave (TW) normal conducting design.

* The basic principle of operation is the synchronisation of a traversing
particle with an oscillating voltage between a series of capacitive discs.

b R

Figure: Cutaway of a copper LINAC. [2] Figure: Simulated electric fields in a copper LINAC and a synchronous passing particle.
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Technology for CLIC

The CLIC collaboration has invested
much effort in the development of
such structures:

e X-band (11.994 GHz) Travelling
Wave Structures.

* OFE copper, hydrogen bonded 1040
°C.

* Accelerating gradient (particle
energy gain) = 100 MV/m.

Figures: Precision machined disc (top left), metrology of discs (top right),
stacking and alignment (bottom left) and VNA measurement of an assembled
and tuned structure (bottom right).
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Technology for CLIC

At CERN we regularly operate these TW
LINACs and other novel RF components
at:

* Peak surface fields = 220MV/m
* Peak input power: 40 - 50 MW.

* RF Pulse length = 200 ns ( 12 Joules
per pulse).

However, components can’t operate at
this level immediately. They are [y
Iimited by brea kd own (\Iacuu m arCS), Figures: Precision machined disc (top left), metrology of discs (top right),

stacking and alignment (bottom left) and VNA measurement of an assembled
and tuned travelling wave high gradient accelerating structure (bottom right).
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High-Voltage Conditioning

.. Increase Gradient Reliable Operation
Limited by breakdown (vacuum

arcing) and must be conditioned:

. 500
© Gradient
I. Increasing gradient/power Ity 011 Rel
while keeping constant A"
breakdown rate. PYRNE - =
N 0 2
Il. Decrease power, increase 24000 = 250 €
the pulse length (50, 100, oo B 200 8
O
150, 200ns) and ramp back o 150
up. 100
1000 50
lll. Finally, the BDR drops and N e IS ST ISR SRR |
we run re“ab'y 0 50 100 150 200 250

Cumulative Pulses [Millions]

Figure: Test results of the PSI2 structure showing a
typical conditioning curve.
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High-Voltage Conditioning

Structures must be conditioned i.e. The
power is gradually increased over time
while monitoring for breakdowns.

« CERN TD26R05CC
CERN TD24R05 ]
KEK TD24R05-#4 ||

- KEK TD24R05-#2

* Accomplished algorithmically at CERN N
(fOI‘ details SEE[3,4]). 0 100 200 300 400 500 600 700 800 900

Pulses (millions)

200ns and 1e-6 bpp/m

Eace[MV/m] scaled to

(a)

* Structures condition on the number of 10 | |
pulses not the number of breakdowns T E o
[5]. ég M/‘Mﬁw:" S 7

. . ; g : . + CERN TD26RO5CC | |
NB: Cleanliness of preparation shown to =y |, G rooaros
affect number of breakdowns during SRS S | v LORTOMRER
oy . . 0 2000 4000 6000 8000 10000 12000
conditioning, not ultimate performance. Number of Breakdowns
6]

Figure: Scaled gradient vs. cumulative no. pulses (top)
and scaled gradient vs. cumulative no. breakdowns
(bottom) for four different structures [5]. 9
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High-Voltage Conditioning
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Figure: Initial conditioning of many structures con
date normalised to BDR and Pulse length. No
asymptotic behaviour.

ditioned to
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High-Voltage Conditioning

=1 month of 24/7 operation
(for preliminary conditioning only)

ﬁ

PolariX

CLIC Crab Cavity
T24 PSI1(XB3)
T24 PSI2(XB3)
T24 PSI1(XB2)
T24 PSI2(XB2)
TD26CC N2
TD26CC N3

T24 Open
TD26CC

Figure: Initial conditioning of many structures conditioned to
date normalised to BDR and Pulse length. Note the
asymptotic behaviour. 11
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CERN'’s Test Facility

To investigate the phenomena and test new accelerating structures/RF components three X-band (12GHz) test
stands have been developed at CERN.

Figure: Exterior of the 12GHz high-gradient test facility at CERN. Figure: Accelerating structures under test inside the bunker.
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Typical Test Stand Set-up

Pulse /
. Structure
Solid State Modulator & compressor Device Under
Amplifier (SSA
plifier ( ) klystron Directional Coupler used to Test RF Load

measure incident and
reflected RF signals
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Diagnostics and Acquisition System

Directional Coupler

High Power RF Load

lon Pump

Figure: PSI2 structure installed in the Xbox-2 test slot.

Upstream Downstream
Faraday Cup Faraday Cup
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Characteristics of an RF Pulse

A typical RF pulse has the following characteristics:

Transmitted Power

Incident Power Reflected Power
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Characteristics of RF Breakdown

In an RF context breakdowns are accompanied and often detected by:

Incident Power Reflected Power Drop in Transmitted Power
I\N r h y 4 A .
N e e i = e O
_IY NLT T
Burst of < % > Burst of
current — T || |\1 N — current
’:'::' 4 '.' ‘0“ E,ol,
X-ray emissions 2
v
For a collider this results in beam loss/degradation and hence a =

reduced luminosity on that pulse.
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Data Acquisition

Tested many structures. 300

00ns

250
Alongside the waveforms, we also
acquire auxiliary data i.e. vacuum and
temperature sensors throughout the
system.

200

PolariX

CLIC Crab Cavity

Lo T T24 PSI1(XB3)

B PR i " | * T24 PSI2(XB3)

e : [ ® T24 PSI1(XB2)
I T24 PSI2(XB2)

150

Typically accumulate 1-200GB of data
per test which is analysed manually by

100 | #F0C L-

E (MV/m) scaled to BDR = '1x10'5bp

: . 2 R : ‘. | ® TD26CC N2
an operator with a hypothesis. ol e e TD26CC N3
. C L - * T24 Open
TINE - TD26CC
Recently, a machine learning 0, S
framework has been developed and Cumulative RF Pulses 108

applied to search for breakdown

. : . Figure: Initial conditioning of many structures conditioned to
Precursors, with mtereStmg results... date normalised to BDR and Pulse length. Note the

asymptotic behaviour.
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And now, over to Christoph...

The Cockcroft Instltute
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