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CLIC Module Activity in 2018 i

The main effort in 2018 was oriented to the PiP completion and to the
preparation of the CLIC cost review

 Complete the Design and Integration of the CLIC Module in the Drive Beam
and Klystron-based versions.
Provided input to the Civil Engineering and Infrastructure studies

* Progress with the CLIC Module thermo-mechanical studies.
Actively participated into the Cooling and Ventilation studies

e Environmental studies.
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CLiC Module Layout S
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AS are assembled in what we call the CLIC
Modules (each Module length is about 2 m).
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Courtesy N. Catalan and A. Solodko



CLIC Module Layout -

The rebaselining exercise has produced two distinct optional Iayouts at the
energy stage of 380 GeV for the CLIC Module. S o

For Module rebaselining see: Main Linac HW Baselining in CLIC
Ws2018

e

Klystron — based option
75 MV/m accelerating field gradient

Drive Beam — based option
72 MV/m accelerating field gradient
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https://indico.cern.ch/event/656356/contributions/2832979/attachments/1589437/2515577/MLHW_Baselining.pdf

CLIC Module Integration in th -

Tunnel integration for the DB and K options, PiP version.

380 GeV Delay drive be

Drive beam

Smoke

Extraction Main bgam

N

CE Floor level +0r
- T=100 mm

Safe passage (700m

Transport train
vater

Courtesy M. Stuart
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CLIC Power distribution in the K -

The klystron-based Main Linac requires a total of 2912 Modules, each equipped
with 4 RF superstructures 0.46 m long, which are fed by 5824 klystrons.

2-pack Modulator BOC cavities
400kV 2x190A x 3.5 pulse compression
RF in from
Klystron Radiation
shielding wall 170MW
334ns
e
102.8MW
2.006us

Klystron pulse
recombination

2x53MW klystrons Correctio
chai

Klystron — based option
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Power management in the CLIC -

The power dissipation in the CLIC Module is something critical for the machine
stability and performance.

Drive Beam Module Unloaded conditions Klystron — based Module Loaded conditions

Module component  Number Item Dissipation  Total Dissipation Module component  Number Item Dissipation  Total Dissipation
[W] [W] [W] [W]
SAS 4 772 3088 SAS 4 1100 4400
PETS 4 10.5 42.1 SAS RF Loads 16 178 2842
SAS RF Loads 16 168 2690 Waveguides and RF 1 1034 1034
Pulse compression
Waveguides 4 60.2 241
Total Dissipation / Module 8276
DBQs 2 171 342
Total Dissipation / Module 6403 With unloaded conditions, the klystron — based Module

would dissipate 10388 W.
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Power management in t .

The temperature stabilization is under study to minimize the heat-to-air load
and provide the required operational stability. Case of the DB Main Linac.

Air convection + radiation
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SAS and Compact Loads connected in series
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Power management in the CLIC Mod

A simplified case of the klystron — based
requires further optimization.
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Linac has been studied; the case
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SAS and Compact Loads connected in series
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... and heat transfer to the envi -

CFD simulations have been set up, need The ambient temperature has been set at 28 °C;

to progress further, exchange from Supply temperature has been set at 23 °C;
tunnel to soil seems not relevant. AT = 5 °C:

Supply and extraction ducts extend within each
sector.

Radiation
2 | 878m | %
Convection c c c c c |
e 3 3 3 3 3
1.3 L/min R L 13 > > > >
27 °C Pl
' i
T I
c
. — e A | — —
Air Water ll | | | | | |
Tra?sverse flow 1.3 L/min | | | 7-/ | ‘ | |
23°C 27 °C Supply | LY | | | | |
| ARG | | |
|

Supply & extraction
grills every 30m

{ Fire compartments

Case of the DB Main Linac
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... and heat transfer to the e

Air supply diffusers are distributed along the sector (at floor level) as well as

extraction ducts (on ceiling);

Extraction ducts
- —©1200

Extraction ducts

I'ravelling crane

A Water pip&
100l/second
Diffusers
i
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Drainage

C

For both DB and K cases temperature distribution
needs to be computed and transient effects studied.
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Case of the klystron-based Main Linac
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... and heat transfer to the en

Temperature stability within modules is essential to achieve the expected
luminosity target.
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If temperature errors could be anticipated along the
Linac this could contribute in relaxing the tolerances.

Synchronous phase: ¢,=30°
dV/V < 1%

Loaded case: dT < 0.55 K
Unloaded case: dT < 0.5 K

Synchronous phase: ¢,=12°
dV/V< 1%

Loaded case: dT < 1.3 K
Unloaded case: dT < 1.2 K

Acceptable voltage error AS-to-AS < + 1%.
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Transition states should be limited
in amplitude and duration.

Temperature at the Surface of the Wall at 0.4 m/s air

0 200 400 600 800 1000 1200
Day

12



CLIC Alignment requirements

The alignment strategy is based on stretched wires and position sensors,
providing information to the active movers supporting the CLIC Module.

+ 14um must be assured over a
200m sliding window, by an active
alignment system.

Vertical axis

s
&(b‘\ : ,,»""’Il_ongitudinal axis
Z,-100 Z, Z,+ 100
Courtesy H. Mainaud-Durand A € [11111]
Imperfection With respect to Value 1-2-1  DFS RF
Girder end point Wire reference 12 pm 11.37 11.31 0.07
Girder end point Articulation point 5 pm 1.45 1.45 0.02
Quadrupole roll  Longitudinal axis 100 grad  0.04 0.04 0.04
BPM offset Wire reference 14 pm  154.54 14.01 0.10
Cavity offset Girder axis 14 pm 5.51 5.50 0.04
Cavity tilt Girder axis 141 prad  0.10 047 0.25
BPM resolution 0.1 pm 0.01 1.03  0.02

0.01

0.01 0.40

CIQW Wake monitor Structure centre 3.5 pm
\ @ All 176.68 32.72 0.84 s



CLIC Module mechanical pre - ¢

_ _ ) Adopting three point support max sagis 5 um
New mechanical de5|gn of the girder and | Eigen frequencies:
of the support and adjustment system. 19914

150 mm 300.85

Steel structure

250 mm Weight is 100kg for 2m.

> 12 mm

Movers integrated in the girder

Flexure based joints

WPS directly attached to the girder

CE/RW ,
\ Courtesy A. Vamvakas and J. Vainola
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CLIC Module mechanical

New adjustable supports based on
flexures and wedges.

Can be motorized for fast adjustment.

0.000 0.150 0.300 (m)
I I i

0.075 0.225

C

Co%gtesy A. Vamvakas and J. Vainola

CLIC Workshop 2019 - Geneva, 22" January 2019



Common girder for an RF -

SAS, PETS, actuators pre-assembled on light girder.

* WPS close to the beam
line;

 The whole assembly can be
extracted vertically;

« DBQ on motorized support

Courtesy A. Vamvakas and J. Vainola
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Effects of temperature a -

Preliminary studies on the effects of temperature on the adjustable supports.
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Effects of temperature and v -

Measurement campaign completed in the Module Lab with old girders and
supports. Will be our reference for the updated design.

. -high

Three measurement sessions going from 20 °C
ambient temperature up to 30 °C and back to 20 °C.

In each session girders and SAS were cycled with
water and heaters.

MB axis 80pm 130um  110pm == 30pm

-OuUT

R N
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Effects of temperature and -

The displacement of each AS has been also monitored Precision for translation ~+ 10 um,>

for roll~% 60 prad, dtemp~* 1.5°C

Ambient 20°C, water 27°C
Ambient 20°C, water 27°C

+ heaters T_I I_T
Ambient 20°C, water 27°C OK oK oK oK OK ‘ # -‘ﬂ
+ heaters (one off) j |i

OK OK OK OK OK

Ambient 20°C, water 27°C OK OK OK OK OK
TO #2
Ambient 30°C, water 27°C OK OK Ry=250 prad OK OK
Ambient 30°C, water 27°C OK OK OK OK OK
+ heaters h} \_‘
Ambient 30°C, water 27°C OK OK OK OK OK ‘ ‘
Ambient 20°C, water 27°C OK OK OK OK Ry=180 prad
Ty=45um \—\ ,4
Ambient 20°C, no water OK OK OK OK Ty=-45um 1
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\
SZ.~ CLIC Workshop 2019 - Geneva, 22" January 2019 19



Effects of temperature and

The displacement of Main and Drive Beam girders with vacuum LE=j} \\ﬁ
conditions, with mini-pumps, and of AS vs girder reference ji e—.’!‘\x@l:‘ o o

frame. Initial — vacuum
wires
dX[mm] | dZ[mm]
DBTO#2-in 0.039 0.001
DBTO#2-out 0.037 0.004
DBT1-in 0.028 0.009
DBT1-out -0.006 -0.002
MBTO0#2-in 0.010 -0.005
MBTO0#2-out -0.012 -0.004
MBT1-in -0.002 -0.001
MBT1-out -0.008 0.000

m Vacuum Back to no vacuum

10AS
11AS
13AS
14AS

15AS
CE/RW
\\_/ B

No impact

No impact

No impact
Ry =170 prad

No impact

Initial — back to no vacuum

wires

dX[mm] | dZ[mm]
DBTO#2-in 0.006 -0.001
DBTO0#2-out -0.001 0.001
DBT1-in 0.003 0.000
DBT1-out -0.004 0.000
MBTO0#2-in 0.011 -0.007
MBTO0#2-out 0.005 -0.005
MBT1-in 0.001 -0.002
MBT1-out -0.001 -0.003

Back at initial

Back at initial

Back at initial

Back at initial

Back at initial
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for roll~+ 60 prad, dtemp~% 1.5°C
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Effects of temperature and -

Surprisingly, elements on the Drive Beam girder report more 'M* “ ; |
important movements with respect to the girder reference |ff ‘ !
' 1/,
frame. | T gt ,' :l ‘.L >
3PETS No impact | e !! _::}I;J = E
- s “-va‘-. e %
3DBQ No impact o ),x =S
25 |l eme = s
APETS No impact 3E| v : /N\ _f'
4DBQ No impact L} ; e B
Tx =36 um 7
SPETS 2
Tx =36 um
5DBQ Rx =120 prad
Ry = 150 prad
Ty =-25 um
6PETS -
6DBQ Ty_=23 pm : R
LeAsS i Precision for translation ~+ 10 pum,
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Effects of temperature and vacuum -

In the effort of better modeling the heat transfer from the CLIC Module to its environment
and overall thermal stability, deeper studies are ongoing in synergy with the Xbox test

program.
All details in the presentation by A. Vamvakas on Tuesday at 14:50 in room 30-7-018: Thermo-mechanical simulations and

measurements of CLIC accelerating structures

Power dissipation from RF field

from HFSS Cooling water flow simulated with linear
elements and mechanical deformation
obtained from ANSYS 2.2 um lateral deformation

CERN expected in free standing AS
\ under nominal conditions
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Effects of temperature and va -

Parasitic data taking from AS conditioning is used for building a process to predict heat load

to air and mechanical displacement of structures under different operational conditions, as
well as structure detuning due to temperature variations.
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Sequence of events can be analyzed and also transitions 11s ' 8s
between different operational states studied. 27s

100

Comparison of Xbox and simulated results show good agreement on preliminary results.
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CONCLUSIONS -

A considerable effort has been made in 2018 to complete the studies that
were needed as an input to the CLIC PiP.

The complete costing of the Main Linac has been reviewed in 2018 and
estimates of the main cost drivers have been provided.

Some preliminary and very interesting results from thermo-mechanical
studies have been achieved and we will further concentrate our efforts on this
aspects of the CLIC Module design in 2019.

In the short term, our goal is to build models and benchmark processes to
become capable of predicting the Module thermo-mechanical behavior and
its interaction with the environment in the different operational scenarios.

The preparation of the CLIC TDR should be our next milestone.
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