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Abstract
The Compact Linear Collider (CLIC) study investigates

the feasibility of a high-energy electron-positron linear col-

lider optimized for a centre of mass energy of 3 TeV.

To achieve the high accelerating gradients, the RF power

is produced by a novel two-beam acceleration method in

which a decelerating drive beam supplies energy to the

main accelerating beam. The linacs are arranged in mod-

ular structures referred to as the two beam modules which

cover 42 km of beamline. Beam losses from either beam

can have severe consequences due to the high intensity

drive beam and the high energy, small emittance main

beam. This paper presents recent developments towards the

design of a Cherenkov fiber BLM system and discusses its

ability to distinguish losses originating from either beam.

INTRODUCTION
As part of CLIC machine protection scheme, the main

role of the two beam module BLM system is to detect po-

tentially dangerous beam instabilities and prevent subse-

quent injection into the Main Beam linac (MB) and Drive

Beam decelerators (DB). In addition, it should be able to

localize and characterize the beam loss distribution. The

main beam parameters for the two beam modules are listed

in Table 1. Studies based on Monte Carlo simulations

Table 1: CLIC Beam Parameters, Two beam modules

Energy τtrain e−/train Rep Rate
(GeV) (ns) (Hz)

DB 2.4 - 0.24 243.7 1.53 · 1014 50

MB 9 -1500 156 1.16 · 1012 50

have been performed to determine BLM requirements in

terms of detector sensitivity, resolution and dynamic range.

These have been described previously in [1] and in the

CLIC Conceptual Design Report. To date, the focus has

been on whether ionization chambers would meet the re-

quirements for a CLIC BLM system. However, due to the

large number of monitors necessary to cover the two beam

modules, it is desirable to find a less expensive solution.

Cherenkov fibers are cheap, radiation hard compared with

scintillating fibers, can cover large areas, and provide rea-

sonable position and time resolution. Various feasibility

studies [2], [3] have been performed for Cherenkov fibers

as part of a BLM system, and they have been successfully

implemented at, for example FLASH, DESY [4] and Sin-

crotrone Trieste [5]. Therefore to investigate the used of

fibers at CLIC, previously performed Monte Carlo studies

have been updated to include estimates of the secondary

particle distributions (angular, velocity, type) of the shower

particles at a possible detector location near each beam line.

ESTIMATING THE CHERENKOV SIGNAL
Cherenkov radiation is emitted when a charged parti-

cle with a velocity greater than the velocity of light in the

medium (fiber) passes though a fiber with radius r � λ.

The number of photons produced per unit wavelength is

given by:

d2Nph

dλdL
=

2παz2 · sin2θ

λ2
(1)

where α is the fine structure constant, λ the wavelength of

the light produced, and L the path length of the charged

particle traversing the fiber. The wavefronts expand along

the surface of a cone. The Cherenkov cone semi-angle, θ,

is given by:

cosθ =
1

nβ
(2)

where β = v/c and n is the refractive index of the fiber. The

numerical aperture (NA) characterizes the range of angles

over which the fiber can transmit light. The collection ef-

ficiency (CE), i.e. the number of photons that propagate in

the waveguide over the total produced, depends on the NA

of the fiber and the direction of the Cherenkov photons [6]:

CE ∝ cos−1

[
β
√
n2 −NA− cosφe

sinφe

√
β2n2 − 1

]
(3)

where φe is the angle between the direction of propagation

of the charged particle and the fiber axis. Fig. 1 shows the

Figure 1: Number of the transmitted photons as function of

β and φe, for a fiber diameter 0.365mm and NA 0.22.
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that a loss of 10−3 of the full intensity of the beam along

each DB decelerator and MB linac would result in lumi-

nosity losses due to beam loading variations. To prevent

the onset of such losses, the BLM system should be able to

detect losses at 10 % of this level. The number of transmit-

ted photons produced per meter of fiber, based on FLUKA

simulations of losses distributed along the aperture, scaled

to a loss of 10−4 of a bunch train along each 875 m DB

decelerating sector and each 20 km MB linac were calcu-

lated. The sensitivity requirements for the photodetector

are expressed as the number of photons arriving at the pho-

todetector per bunch train for a 100 m fiber.

The upper limit of the dynamic range is determined by

the requirement of the BLM system to detect the onset of

dangerous losses. Beam losses become destructive when

0.01 % of a MB or 1.0 % of a DB train impacts at an aper-

ture restriction [9]. The number of transmitted photons for

the destructive losses of a DB and MB bunch train, based

on FLUKA simulations of beam loss at a single aperture,

were calculated. Using the arrival rate at the detector of

these photons as an upper limit and the sensitivity require-

ments as a lower limit, the required dynamic range is esti-

mated and listed in Table 2.

Table 2: Estimation of sensitivity and dynamic range re-

quired for a detector coupled to the fibers. *For a 100 m

fiber, the photon pulse duration is 410 ns and 323 ns for the

DB and MB respectively

Sensitivity Dynamic
(Nph/train)* Range

DB 0.24 GeV 7 · 103 5 · 103
DB 2.4 GeV 2 · 105 2 · 103
MB 9 GeV 1 · 102 1 · 103
MB 1500 GeV 7 · 103 5 · 102

TEMPORAL AND SPATIAL RESOLUTION

The machine protection strategy is based on a ‘next pulse

inhibit′, which requires a BLM response time of 8 ms. This

time resolution is easily achievable as it is much greater

than the light propagation time in the fiber and rise time in

photomultiplier electronics.

However, sufficient spatial resolution to distinguish be-

tween losses from two successive quadrupoles on the same

beamline is desirable. The minimum distance between

quadrupoles is 1 m, corresponding to several ns in terms of

photon arrival time at a detector. Whilst the time resolution

of some photodetectors might be sufficient, a sensor based

on two parallel fibers has been conceived to provide im-

proved position resolution [2]. The method involves com-

paring intensity between the two signals. A standard fiber

provides a reference signal and a second fiber with a higher

attenuation coefficient provides a comparison signal allow-

ing a position resolution to the order of several cm.

The ‘signal to cross-talk ratio′ for a beam loss monitor

is the ratio of the power of the wanted signal to the power

of the unwanted signal. In the CLIC two beam modules a

significant contribution to the unwanted signal could arise

from the neighboring beam. Considering dangerous loss

scenarios, and comparing the estimated number of prop-

agated photons produced in a fiber from the near and far

beams, it appears there could be problems distinguishing a

MB loss signal from cross-talk. In terms of machine pro-

tection, this would not be a problem since a dangerous loss

would never go unnoticed.

CONCLUSIONS
A method has been developed to determine the

Cherenkov signal from a secondary particle shower in the

CLIC two beam modules. The study has indicated that in

terms of sensitivity and dynamic range, Cherenkov fibers

seem to be a good candidate for a BLM technology choice.

Further studies verifying the dynamic range and sensitivity

requirements will enable an appropriate choice of photon

counting device. Concerning cross-talk, the difference in

time structures between the pulses from the MB and DB

could be utilized to distinguish between losses from each

beam by using a photodetector with adequate time res-

olution. Installations of fibers at the CLIC Test Facility

(CTF3) experimental hall are planned to complement these

studies and further investigate the feasibility of Cherenkov

fibers as a CLIC BLM system.
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