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Abstract  
CLIC is a linear electron-positron collider, 48 km long, 

consisting of more than 20000 repetitive modules. The 
target beam size of 1 nm dictates very tight alignment 
tolerances for the accelerating structures (AS). In order to 
assess the effect of short-term RF power interruptions 
(breakdowns or failure modes) on the alignment, the 
dynamic behaviour of the AS was investigated on the 
prototype two-beam module. On a dedicated experimental 
setup, the thermal and mechanical time constant (TC) was 
monitored as a function of ambient temperature, water 
flow and power. The experimental results showed that the 
thermal TC ranged between 4 and 11 minutes and 
presented strong correlation with the cooling water flow.
These results were in very good agreement with the 
theoretical expectations. The displacement dynamics were 
found to be comparable with the thermal ones. The study 
indicates that temperature measurement, which is a fast 
and easy process, can be used as an indicator of the AS 
displacement. Moreover, it is shown than the transient 
response can be efficiently controlled through appropriate 
regulation of the cooling water flow. 

INTRODUCTION 
CLIC [1] is a multi-TeV normal conducting electron-

positron collider foreseen to be constructed in two 21-km 
long linacs comprising more than 20000 repetitive 
modules. The principle of CLIC lies on the concept of 
two beams, a high-energy Main Beam (MB) and a low-
energy, high-intensity Drive Beam (DB). The MB is 
accelerated in the Accelerating Structures (AS) by the RF 
power produced from the Power Extraction and Transfer 
Structures (PETS) of the DB. The alignment tolerances of 
CLIC are very tight due to the low target beam size of 1 
nm. All components must be pre-aligned without beam 
with an accuracy of 10 μm. Alignment can be affected by 
the power dissipation on the components estimated to be 
7 kW per module during normal operation. 

A prototype two-beam module has been assembled in 
order to study the thermo-mechanical behavior of CLIC 
components [2]. In the module, the power is applied by 
electrical heaters, while ambient conditions and cooling 
can be regulated. Until now, temperature and alignment 
have been extensively studied during steady-state under 
different operating conditions [3]-[5]. However, in order 
to assess the effect of short-term power interruptions, e.g. 
during a failure mode, the study of transient response is 
important. 

In this paper, the dynamic thermo-mechanical response 
of the CLIC AS is investigated as a function of the main 

operation conditions of CLIC, i.e. the water flow, ambient 
temperature and dissipated power. The correlation of the 
thermal and mechanical response is evaluated as well as 
the agreement of the experimental results to theoretical 
expectations.  

THEORETICAL ANALYSIS 
When the AS is powered-up, the power of the heater 

(Ph) is assumed to be distributed among the AS material
(Pcu), the water (Pwater) and the air (Pair): 

 h cu water airP P P P  (1) 

The time response of each power component is 
described as follows [6]: 
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where cp,x the heat capacity, mcu the AS mass, Acu the AS 
surface, wmwm the water mass flow, h the heat transfer 
coefficient, and T∞, Tcu and Tw the ambient, AS and outlet 
water temperatures respectively. Combining Eq. 1-4, the 
temperature response of the AS is described by a first 
order differential equation with the following analytic 
solution: 

 /( ) t
cu ssT t T ce  (5) 

where Tss is the steady-state AS temperature, c is a 
constant and τ is the time constant (TC) given by: 
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The TC describes the speed of a first-order system’s 
response to a step input and equals the time to reach the 
62.3% of its steady-state. A similar approach can be 
followed for the AS power-down.  

Based on the theoretical analysis, the TC depends on 
the material and geometry (mass and surface) of AS and 
is inversely proportional to the water flow.  
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 EXPERIMENTAL PROCEDURE 
The experimental procedure involved two series of 

measurements referred here as Study-1 and Study-2. 
Study-1 was dedicated to the measurement of the 
dynamic thermal response, while in Study-2 the 
displacement dynamics were investigated. 

Study-1 
A total of 27 tests were conducted for three cases of 

power (290, 820, 910 W), water flow (0.04, 0.068, 0.09 
m3/h) and ambient temperature (20, 30, 40 oC) combined 
in all possible configurations. Prior to each test the 
module was stabilized with the respective cooling flow 
and ambient temperature. At time t=0, the AS was 
powered-up at full power. When temperature reached 
steady-state, power was switched-off. Temperature was 
monitored every one second from t=0 until temperature 
stabilization to initial conditions after power-off. 

Study-2 
One representative configuration of power (820 W), 

water flow (0.04 m3/h) and ambient temperature (20 oC) 
was chosen for Study-2. The same power cycle was 
followed as in Study-1, this time monitoring, at the same 
time, the dynamic displacement of the AS axis. The AS 
axis was defined through the combination of the position 
of four chosen points on the AS as shown in Fig. 1 and 
described in detail in [7].  

 

 
Figure 1: Comparison of experimental and theoretical 
temperature profile. 

 
Two cases of measurements were investigated. In the 

first case only one point (P1) of the AS was followed in 
order to acquire more frequent measurements and study 
its dynamics with increased accuracy. As a second step, 
the position of all four points was measured and the AS 
axis was followed over time. In all cases the tracker 
AT401 was used. The precision of the measurement 
procedure was 5 μm. 

RESULTS 
In this section the results of the two studies are 

presented and discussed. 

Study-1 
As expected from the theoretical analysis, the 

temperature response should follow the dynamics of a 
first-order system and, thus, its transient behaviour can be 
described by its TC. In order to estimate the TC from the 
experimental data, Eq. 5 was least-squares fitted to the 
temperature measurements. Fig. 2 presents the calculated 
TC for all tests as a function of water flow. Each graph 
corresponds to one ambient temperature, while both 
temperature rise and fall are illustrated. From Fig. 2 an 
inverse dependence of the TC on the water flow can be 
observed as expected by theory. For the range of 
operating conditions analysed, the TC varied between 4 
and 11 minutes.  

 
Figure 3: Comparison of experimental and theoretical 
temperature profile. 

 
 

  

Figure 2: Thermal TC of AS against water flow for all power cases during temperature rise and fall. 
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In order to verify our results, the rising and falling 
temperature profiles were reproduced, based on the 
calculated TC, and compared to the experimental ones. 
Such a result is illustrated in Fig. 3. 

Study-2 
Following the investigation of the temperature 

dynamics, the displacement of the AS was monitored 
during transient response. As previously stated, in a first 
experiment, the position of one point (P1) was followed 
over time and the results are presented in Fig. 4.  

 

 
Figure 4: Position measurement of AS point P1 and 
best-fit line plotted against AS temperature. 

 
On the same graph the respective temperature curve of 

the AS is plotted (red line). The results indicate that the 
transient displacement of P1 follows closely the 
temperature dynamics. The mechanical TC is estimated 
similarly to the temperature case by fitting the first-order 
system response (Eq. 5) to the position measurements 
(green line). 

As a second step, the AS axis position was followed 
over time based on the previously discussed procedure. 
No radial axis movement was detected, thus the results 
refer to vertical displacement. The respective graphs for 
the beginning (C1) and the end (C2) of the axis are 
presented in Fig. 5 where a good correlation with the 
temperature dynamics can be again observed.  

 
Figure 5: Position measurement of AS axis beginning 
(C1) and end (C2) plotted against AS temperature. 

In this case the plotted points are estimates of the axis 
position based on the monitoring of four points. This 
process accumulates errors expressed by the observed 
deviations from the first-order dynamic response. 

Finally, Table 1 summarizes the estimated TC values of 
the temperature (ΔT) and alignment response for one 
point (Δx-P1), and axis beginning (Δx-C1) and end (Δx-
C2). In agreement with the previously discussed 
observations, the TC of P1 is very close to the 
temperature TC, while when the AS axis is considered the 
dynamics are matching, however presenting a slower 
response. 

Table 1: Estimated TC (min) of Temperature (ΔT), 
Displacement of one Point (Δx-P1), Axis Beginning (Δx-
C1) and End (Δx-C2) 

 ΔT Δx-P1 Δx-C1 Δx-C2 

Power-up 7.35 7.52 11.00 13.28 
Power-down 7.47 7.33 8.65 12.38 
 

CONCLUSIONS 
The present study investigates the thermo-mechanical 

dynamics of the CLIC AS. The transient temperature 
response is monitored and correlated to the operational 
parameters of power, water flow and ambient 
temperature. The temperature dynamics follow a first-
order system behaviour and are determined by the 
estimation of the TC. Experimental results are in very 
good agreement to theoretical expectation. The 
displacement and thermal dynamics were found to be 
highly correlated with comparable TC.  

An interesting outcome of this study is the correlation 
of the AS dynamic response to the cooling water flow. 
This observation opens the possibility to control CLIC 
dynamics during failure scenarios through appropriate 
regulation of water flow. Moreover, the correlation of 
thermal and mechanical response may lead to the use of 
temperature measurement, which is a fast and easy 
process, as an efficient indicator of AS displacement, 
which is complex and time-consuming. 

REFERENCES 
[1] M. Aicheler et al., CLIC Conceptual Design Report 

(CDR), Vol. 1, http://cds.cern.ch/record/1500095 
[2] D. Gudkov et al., "Experience on Fabrication and 

Assembly of the First CLIC Two-Beam Module 
Prototype", IPAC2013, Shanghai, May 2013. 

[3] A. Xydou et al., "Thermo-mechanical Tests for the 
CLIC Two-Beam Module Study", IPAC2014, 
Dresden, June 2014. 

[4] F. Rossi et al., "Study of the Thermo-mechanical 
Behavior of the CLIC Two-Beam Modules", 
IPAC2013, Shanghai, China, May 2013.  

6th International Particle Accelerator Conference IPAC2015, Richmond, VA, USA JACoW Publishing
ISBN: 978-3-95450-168-7 doi:10.18429/JACoW-IPAC2015-TUPTY003

TUPTY003
2002

Co
nt

en
tf

ro
m

th
is

w
or

k
m

ay
be

us
ed

un
de

rt
he

te
rm

so
ft

he
CC

BY
3.

0
lic

en
ce

(©
20

15
).

A
ny

di
str

ib
ut

io
n

of
th

is
w

or
k

m
us

tm
ai

nt
ai

n
at

tri
bu

tio
n

to
th

e
au

th
or

(s
),

tit
le

of
th

e
w

or
k,

pu
bl

ish
er

,a
nd

D
O

I.

1: Circular and Linear Colliders
A08 - Linear Accelerators



[5] F. Rossi, "Thermal Tests Program for CLIC 
Prototype Module Type 0", 
https://edms.cern.ch/document/ 1277574 

[6] Y. A. Cengel, Heat and Mass Transfer, a practical 
Approach, (McGraw-Hill, 2007). 

[7] M. Duquenne et al., “Alignment Measurements for 
the Dynamic Response of CLIC Module”, 
https://edms.cern.ch/document/1504406/1 

6th International Particle Accelerator Conference IPAC2015, Richmond, VA, USA JACoW Publishing
ISBN: 978-3-95450-168-7 doi:10.18429/JACoW-IPAC2015-TUPTY003

1: Circular and Linear Colliders
A08 - Linear Accelerators

TUPTY003
2003

Co
nt

en
tf

ro
m

th
is

w
or

k
m

ay
be

us
ed

un
de

rt
he

te
rm

so
ft

he
CC

BY
3.

0
lic

en
ce

(©
20

15
).

A
ny

di
str

ib
ut

io
n

of
th

is
w

or
k

m
us

tm
ai

nt
ai

n
at

tri
bu

tio
n

to
th

e
au

th
or

(s
),

tit
le

of
th

e
w

or
k,

pu
bl

ish
er

,a
nd

D
O

I.


