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Abstract

The post-linac energy collimation system of CLIC is de-

signed to fulfil an essential function of protection of the

Beam Delivery System (BDS) against miss-steered beams

generated by failure modes in the main linac. Guaranteeing

the collimator survivability in case of direct beam impact is

very challenging, if we take into account the need to deal

with an unprecedented transverse energy density per beam

of the order of GJ/mm2. This translates into a high damage

potential of uncontrolled beams. In this paper we present

an alternative nonlinear energy collimation system as a po-

tential solution to guarantee the survival of the collimators.

The performance and error tolerances of this system are

studied by means of beam tracking simulations, and com-

pared with those of the conventional baseline CLIC energy

collimation system.

INTRODUCTION

In high-energy physics colliders, energy collimation sys-

tems are essential to collimate beam particles with large

energy deviation. In addition, they can fulfil a very impor-

tant protection function intercepting miss-steered or errant

beams with energy offsets generated in the main linac. This

protection function is crucial for multi-TeV colliders, such

as the Compact Linear Collider (CLIC) [1], where miss-

phased or unstable off-energy drive beams and the mal-

function of some components of the RF accelerating struc-

tures in the 21 km long main linac are likely failure modes,

and they are expected to be much more frequent than large

betatron oscillations with small emittance beams [2].

In this context, where the collimator must dispose of

beams with transverse energy density of the order of

GJ/mm2 and full power of ∼ 10 MW, the self-protection of

the energy collimators is a challenge. For instance, assum-

ing critical scenarios of failures in the CLIC main linac, re-

cent studies of thermo-mechanical features of the baseline

energy spoiler of the CLIC BDS have shown that it may be

difficult to avoid fracture or there might be a permanent de-

formation of the spoiler surface after a full beam impact [3].

In order to guarantee the collimator survival, we are inves-

tigating the feasibility of using an alternative optics design

based on nonlinear magnets to increase the spot size at the

primary collimator (or spoiler) position, whilst keeping an

acceptable quality of the beam during normal operation. In

this paper we present performance simulation studies for

a CLIC post-linac energy collimation system, mainly fo-

cused on luminosity performance and misalignment toler-

ances. These results complete previous studies of such a
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system presented in [4, 5].

OPTICS LAYOUT

The conceptual design of the CLIC nonlinear energy

protection system is illustrated in Fig. 1. A first skew sex-

tupole plays the role of a “magnetic primary spoiler”, in-

tended to increase the beam spot size at downstream me-

chanical collimators (spoiler and absorber). In order to can-

cel the geometric optical aberrations, a second skew sex-

tupole of the same strength (Ks1 = Ks2) is placed down-

stream, setting a −I (minus unit) transfer matrix between

the skew sextupoles.
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Figure 1: Basic scheme of the nonlinear energy collimation

system.

Figure 2 shows an optics solution for this system. It

consists of five FODO cells, where the drift space of the

first and last cells is occupied by bending magnets to cre-

ate the necessary horizontal dispersion Dx. The bend-

ing angles have been adjusted accordingly to maximise as

much as possible Dx at the sextupole and collimator po-

sitions, while minimising the emittance growth due to in-

coherent synchrotron radiation. A mechanical spoiler and

an absorber are placed in between the two sextupoles. The

spoiler is located at approximately π/2 phase advance from

the first skew sextupole, and the absorber is at π/2 phase

advance from the spoiler. Two matching sections, contain-

ing four normal quadrupoles each, are included at the be-

ginning and the end of the lattice.

The criterion for selecting the skew sextupole strength

has been a trade-off between minimising the beam peak

density of miss-steered beams at the spoiler position and

maximising the luminosity during normal operation. For

the optimisation of the system, in order to locally cancel

higher order aberrations we have added a normal sextupole

and an octupole just downstream of the second skew sex-

tupole. Table 1 shows the normalised integrated strengths

of the nonlinear elements for this optics solution. More de-

tails about the optics design can be found in [5].

The collimation depth has been set to intercept beams

with energy deviation larger than ±1.5% of the nominal en-

ergy. This energy collimation depth is determined by fail-

ure modes in the main linac [2]. The horizontal spoiler and

absorber are used with a half gap aperture of about 1 mm.

This aperture is 10 times bigger than that of the betatronic
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Table 1: Strengths of the Multipole Magnets of the CLIC

Element Normalised integrated strength

Skew sextupoles 8 m−2

Normal sextupole −0.4 m−2

Skew octupole −2400 m−3

collimators, whose half gap has been set to 100 μm. There-

fore, in terms of wakefield effects, the energy collimator

contribution is expected to be much smaller than that of the

betatronic collimators [6].
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Figure 2: Top: layout and optical functions (betatron func-

tions and first order horizontal dispersion) of a nonlinear

energy collimation system for CLIC. Bottom: layout and

optical functions (square root of betatron functions and first

order horizontal dispersion) of the CLIC BDS integrating

the following sections: the nonlinear energy collimation

system (NONLINEAR E-COLL.), the betatron collimation

system (β-COLL.) and the Final Focus System (FFS).

PERFORMANCE SIMULATIONS

Luminosity

Beam tracking studies have also been performed in order

to investigate the energy bandwidth of the BDS. The ad-

dition of nonlinear elements further limits the bandwidth,

and energy errors can lead to a significant luminosity loss.

Figure 3 depicts the energy bandwidth in terms of relative

peak luminosity as a function of the mean energy offset of

the beam (δ0 ≡ ΔE/E0), comparing the nonlinear colli-

mation based BDS with the baseline BDS. For the refer-

ence baseline BDS the energy error tolerance for less than

2% luminosity reduction is δ0 < | ± 0.2%|. The nonlinear

system led to a narrower energy bandwidth: δ0 < |±0.1%|.
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Figure 3: Relative peak luminosity as a function of the

beam energy offset, comparing the energy bandwidth of the

nonlinear energy collimation based CLIC BDS (asterisk

points) with that of the baseline CLIC BDS (square points).

Misalignment Tolerances

Since the beams at the collision point are so small, and

since there are strong sextupoles to cancel the chromaticity

and geometric aberrations with a high precision the perfor-

mance of the final focus optics is sensitive to many forms

of perturbations.

The misalignment tolerances for a 2% peak luminosity

loss have been calculated for each magnet in the nonlinear

collimation system: the two skew sextupoles named S1 and

S2, the skew octupole, and the normal sextupole. In addi-

tion, since the last three magnets are right after each other,

the tolerances for this block of three magnets are also cal-

culated, e.g. for the case that these are put on the same

girder. The imperfections that are considered are position

offsets, both vertically and horizontally, magnetic strength

errors and tilts. Simulations are done with PLACET [7] and

GUINEA-PIG [8]. It should be noted that the tolerances

and luminosity performances presented should be regarded

for pulse to pulse stability, since static or low frequency

changes can to a large extent be corrected by the orbit feed-

back, interaction point position feedback and beam tuning

with sextupole knobs [9]. Tolerances for a pulse to pulse

Nonlinear Collimation System.
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stability are given, and in every case only one beamline is

perturbed while the other is kept unperturbed.

Figure 4 shows the misalignment tolerances for the non-

linear magnets of the collimation system for the horizontal

offset versus relative peak luminosity. In this case the tol-

erance for a 2% peak luminosity loss is about 1.8 μm for

S1 and S2. Furthermore, it can be seen that for S1 and S2

the maximum luminosity is achieved when the sextupole is

slightly offset from its nominal position.
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Figure 4: Relative peak luminosity versus horizontal offset

of the first skew sextupole S1 (top left), the second skew

sextupole S2 (top right), the normal sextupole (bottom left)

and the skew octupole (bottom right). The red line indicates

the 2% luminosity loss limit.

In Table 2 the tolerances for the 2% peak luminosity loss

are shown. It can be noted that the two skew sextupoles, S1

and S2, that have the same properties have also the same

tolerances. The normal sextupole, which has 20 times less

strength compared to the skew sextupoles is also 20 times

less sensitive. And that the tolerances of the combination of

the last three magnets are determined by the most sensitive

magnet, the skew sextupole S2.

Table 2: Offset tolerances and strength errors (relative) for

the magnets in the non-linear collimation system for a rel-

ative peak luminosity loss of 2%. Combined is the combi-

nation of the S2, normal sextupole and skew octupole for

the case that those are placed on the same girder.

Magnet Hor. Vert. Roll Strength

[μm] [μm] [mrad] [relative]

S1 1.8 6 12 0.009

S2 1.8 7 12 0.009

Normal Sextupole 140 40 70 0.75

Skew Octupole 30 110 210 0.28

Combined 1.8 6 13 -

In addition to the magnets in the nonlinear collimation

section the tolerances for the final doublet magnets have

also been calculated for this lattice. Since the final focus

system is the same as the baseline BDS, it was expected

that the tolerances for those magnets are comparable to the

tolerances of the baseline BDS which were reported in [10].

This expectation was confirmed by simulation.

It can be concluded that the misalignment tolerances for

the magnets in the nonlinear collimation section are not

very stringent.

CONCLUSIONS

A nonlinear energy collimation system for the CLIC

BDS has been designed. This system is based on four mul-

tipole magnets (a skew sextupole pair, a normal sextupole

and a skew octupole). The optics of this system has been

designed to increase as much as possible the transverse spot

size on the collimators in order to protect them, and, on the

other hand, it must not introduce intolerable optical aberra-

tions which degrade the luminosity performance.

In order to complete previous studies [4, 5], in this paper

we have investigated different error tolerances of this sys-

tem (for less than 2% luminosity loss). Concretely, we have

studied the energy error and element misalignment toler-

ances for pulse to pulse stability. From simulation results it

can be concluded that the multipole magnets of the nonlin-

ear collimation system does not induce very stringent tol-

erances. These results and the fact that the system shows

an acceptable luminosity performance make it a serious al-

ternative to the conventional linear energy collimation sys-

tems.

REFERENCES

[1] M. Aicheler et al. eds., “A Multi-TeV linear collider based

on CLIC technology: CLIC Conceptual Design Report,”

CERN-2012-007 (2012).

[2] D. Schulte, F. Zimmermann, “Failure modes in CLIC,” in

Proc. of PAC, Chicago, Illinois, USA (2001).

[3] J. Resta-Lopez, J. L. Fernandez-Hernando, A. Latina,

“Thermo-mechanical analysis of the post-linac energy col-

limators,” in Proc. of IPAC2012, New Orleans, Louisiana,

USA (2012).

[4] J. Resta-Lopez, A. Faus-Golfe, “Nonlinear Post-Linac En-

ergy Collimation System for the Compact Linear Collider,”

in Proc. of IPAC, New Orleans, Lousiana, USA (2012).

[5] J. Resta-Lopez, “Nonlinear protection of beam delivery sys-

tems for multi-TeV linear colliders,” JINST 8 (2013) p.1101.

[6] J. Resta-Lopez et al., “Status Report of the Baseline Col-

limation System of the Compact Linear Collider,” CLIC-

Note-883 (2011).

[7] A. Latina et al., “Evolution of the tracking code PLACET”,

in Proc. of IPAC, Shanghai, China (2013), p. 1014.

[8] D. Schulte, “Beam-Beam Simulations with GUINEA-PIG”

in Proc. of ICAP, Monterey, California, USA (1998), p.127.

[9] B. Dalena et al., “Beam delivery system tuning and luminos-

ity monitoring in the Compact Linear Collider”, PRSTAB

15, 2012.

[10] J. Snuverink et al., “CLIC final focus system alignment

and magnet tolerances” in Proc. of IPAC, Shanghai, China

(2013), p. 1682.

5th International Particle Accelerator Conference IPAC2014, Dresden, Germany JACoW Publishing
ISBN: 978-3-95450-132-8 doi:10.18429/JACoW-IPAC2014-MOPRO034

MOPRO034
150

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

14
).

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.

01 Circular and Linear Colliders
T19 Collimation


