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MODULE DESIGN:
BASELINE AND ALTERNATIVES



y Module layout
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LT

g- o _)CLIC

9

» Accelerating structure: CLIC G, disks, waveguide damping sealed

(100 mV/m, L =230 mm, aperture ~ 5 mm)
» PETS, octants. mini-tank (6.5 MV/m, L=310 mm, aperture 23 mm)
» | PETS powering 2 accelerating structures

| wake-field monitor
per ac. structure

Water cooling
Vacuum manifold

around each
waveguide

PETS on-off

Water cooling for

couplers only

Mini-tank
for octants
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y Beam height and interaxis C cuc“)

Beam interaxis: 650 mm =» same height for the two beams
Beam height: 620 mm

1135

DB/MB ADJUSTABLE PLATE
INITIAL FLOOR COMPENSATION
LONG-TERM FLOOR ADJUSTMENT
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y Pre-alignment system/ girders C x —’bLICD
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» Accelerating structures and PETS + DB Q on girders

» Girder end supports =» cradles mechanically attached to a girder
and linked by rods to the adjacent one: snake-system with
articulation points adopted (DB: /00 A, MB: minimization of
wakefields, validation at 30 GHz in CTF2)

» Separate girders for main and drive beam =» possibility to align
DB quadrupole separate from accelerating structures

V\/-Sunnarts far PETS V-Sunnorts far AS
=upports for FL 1> =Uupports for Ao

BEIIII'II::III:I:I!'
possibility to align I th . .
LRI iemex | Alternative under study: mono-girder

(HIP
DB Girder L,

BB Gue + better stability, simplification for
W transport and installation
™ opticl - non-independent alignment MB and
DB (is separate align. needed?)
/ '\Tmm - additional weight for movers (cam

Wire Alignment Module Support

system, are we ready?)

Space is reserved for MB Quad support (including
alignment/stabilization/support) and alignment system
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Support for MBQ - BPM C : —>cuc9

» Separate support for MB Q and its BPM =» snake system
interrupted at each MB quadrupole

» MB Q and BPM rigidly mechanically connected

Girder movers

No girder underneath MB Q
Beam height lowere

” Q
' ‘ MB Q support
F—Module type 1 -.-=} - Module type 0 -.-=!
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Module sections
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Close to IP
3
=> better alignment
2
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3/ Beam-Based Feedback 6 I
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Common actuators/devices for stabilization and beam-based
feedback systems

» extend dynamic range of stabilization actuators by 100 ! and make
BBF corrections by displacing the MB quads.
Fullscale = + 5 um compared to £ 50 nm (several drawbacks)
original configuration =» additional windings onto quad
jokes in order to produce “a sort of dipole correction field”

MB quad: solid yoke, not possible to insert correct coils
(bandwidth problems)

New proposed configuration: use electromagnetic
correction coils for RT trajectory correction: | cm long 0.1 -
0.4 T magnet at each MB quad (feasibility under evaluation)
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)/ Interconnections C —> C11C )
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» MB:gap is accepted (damping is needed for the long range
wake)

» DB: electrical continuity is required (100 A)

» MB-DB: choke mode flanges (flexibility needed during thermal
transient and alignment)

MB DB -
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y Others g' . —)'%ch*;
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» Vacuum design based on 10-® mbar requirement

» Cooling
» Water cooling for RF structures and quadrupoles
» Air cooling for quadrupole cables (powering strategy)

» Instrumentation
» BPM: | per Q
» WFM: | per ac. structure
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TEST PROGRAM



y Motivation for — —
S > CLIC*

SZ~ Test Modules

One of the feasibility issues is the two beam accelerating (two
beam module is part of the program)

» Address feasibility issues in an integrated approach
» e.g.RF structures, stabilization-alighment-supporting systems

» Establish coherence between existing test set-up up to
future test modules in CLEX

» Validate technical systems (tests in the labs) - if possible use
components from stand-alone tests for test modules in CLEX

> l\)/alida)te two-beam acceleration scheme (tests in CLEX with
eam
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y Test modules @ﬁff@)

We have to establish a test program

with clear milestones before and
after CDR

> |5 G. Riddone, CLIC Workshop, 14.10.2009



)/ Strategy for main linac =
CLIC*<

\ L] L]
e two-beam module validation
Pre-alignment and
| 2009 | Two-beam Stabilisation supporting systems
acceleration (stand alone mode) (component mock-ups)
PETS and ACS Tvoe 4 O mock-un Pre-alignment
(TBTS) o mock-up

3 l J [ [ |
|

| ] ! ]
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N

T o

CLIC MODULES

@E Technical system validation

and integration
2013

Legend

C: Construction

T: Testing Two-beam acceleration, module
validation and integration

CLEX MODULES
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y Objectives of the CLIC modules 6 — CL1C = )

» Integration of all technical systems (dummy RF structures and
quadrupoles can be used — real dead weight and interfaces to
other systems)

» Full metrology
» Pre-alignment of MB and DB, including fiducialisation

» Interconnections validation under different simulated thermal
loads

» Stabilisation of main beam quad in the module environment

» Vibration study of all systems and identification of vibration
sources

» Measurement of resonant frequencies

» Heating in several thermal cycles. Measurements of thermal
transient e.g. how long it takes to achieve a new equilibrium state.

» Transport of the module and verification of alignment
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y CLIC modules (LAB) C

DB
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The test module types 0-
| -4 are representative of

[ |
all module types
D . IEEEII[I e YP

-«+——Module type 4——»-<«———Module type 1——»-a———Module type 0———»

Phase 2

Stabilization (Q) and pre-alignment compatibility
Vibration study of all system and vibration sources
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_)/ 014 CLIC modules

A. Samoshkin

Type 4
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y Obijectives of the test modules
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Two-beam acceleration in a realistic environment
Cost- and performance optimized structures and their integration in CLIC modules.
Accelerating structure (ACS) alighment on girder using probe beam

v Vv Vv WV

Woakefield monitor (WFM) performance in low and high power conditions (and after a
breakdown)

» Investigation of the breakdown effect on the beam

Alignment and stabilization systems in a dynamic accelerator environment
RF network phase stability especially independent alignment of linacs
Vacuum system performance especially dynamics with rf

v Vv Vv WV

Cooling system especially dynamics due to beam loss and power flow changes

» Integration of all different sub-systems:, i.e. to simultaneously satisfy requirements of highest
possible gradient, power handling, tight mechanical tolerances and heavy HOM damping

» Validation of assembly, transport, activation, maintenance etc.
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q From CLIC module
> to CLEX module

-
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Coupler with internal
splitter

ON/OFF unit
130 MW

“Hammer”
3dB

Choke mode splitter\
flange ||

CLIC module
type O

Compact coupler 3dB Splittett\
with internal splitter RF diagnostic

RF load ~ 65 MW (tbc)
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q From CLIC module _
S, to CLEX module

Energy 0.150 GeV 2.4 GeV

Pulse length |.2 ps 140 ps
Multiplication factor 2x4=8 2x3x4=24
Linac current 3.75A 42A

DB final current 30A [00A

RF frequency 3 GHz | GHz
Repetition rate upto 5 Hz 50 Hz

Energy per beam pulse 0.7 kJ 1400 kJ
Average DB power 3.4 kW 70 MW

Coupler with internal
splitter N
C LEX m Od U Ie “Hammer”
3dB
type O splittel\
] ]
Existing |-m PETS
with recirculation —
Compact coupler 3 dB splitter
with internal splitter RF diagnostic”
RF load
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=+——Module type 4 - Module type 1 -t Module type 0———»
All AS are with WFM

Phase 3: Modules 0 and 4
Phase 4: Module |

| 6 accelerating structures - 4.1: double length PETS
5 PETS - 4.2: two CLIC PETS replacing | double
length PETS
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y CLEX modules - configurations C cuc*‘)

Nominal power and pulse length for | PETS and 2 AS

Recirculation
|2 A and 240 ns

No modifications on the test module type 0 HW
No Recirculation

Current increase from |12 Ato 19.2A

Pulse length reduced from 240 ns to 140 ns

No modifications on the test module type 0 HW
Addition of a module type |
Increase of current from 19.2 A to 22 A

Phase 4, Conf. 4.1

Phase 4, Conf. 4.2 Modification on the test module type | HW (2 CLIC PETS)
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A. Solodko
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3/ CONCLUSIONS 6 —> cLic

» Baseline defined for CDR

» In parallel study of alternatives (e.g. cam system)

» Design has to be frozen by 1Q 2010 — a lot of work and
limited resources: needed close collaboration with all
technical experts

» Test module project with two parallel lines:
» in the lab (from 2010)

» in CLEX (from 201 1) [also part of EUCARD —WP9.2 (G.
Riddone /WP9.3 (A.]Jeremie))
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