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Beam halo is one of the crucial issues limiting the machine performance and causing radioactiva-
tion in high-intensity accelerators. A clear picture of beam-halo formation is of great importance for
successful suppression of the undesired beam loss. We present numerical and experimental studies
of transverse and longitudinal halos in the KEK Accelerator Test Facility. The observed general
consistency between predictions and observations in various conditions indicates that the Touschek
scattering is the dominant mechanism forming the horizontal and momentum halos.
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I. INTRODUCTION

Beam halo is one of the most critical issues limiting
the performance and potentially causing component ac-
tivation for high-intensity accelerators, especially high-
energy colliders at the luminosity frontier. The forma-
tion of beam halos is generally complicated and associ-
ated with various collective effects, nonlinearity, optics
errors, beam-beam interaction, secondary emission, and
so on [1–10]. To mitigate the undesired background in-
duced by halo particle loss, a robust collimation system
is an indispensable part of a high-intensity accelerator.
To accurately estimate collimation efficiencies and resid-
ual backgrounds, good knowledge of the primary driv-
ing mechanisms and adequate modeling is of vital im-
portance.
The Accelerator Test Facility (ATF) at KEK was ini-

tially constructed to demonstrate the feasibility of pro-
ducing low-emittance beams required at a future linear
collider and supply high-quality beams for the R&D ac-
tivities on beam dynamics, instrumentation and control
technology which will be needed at such facilities [11–
14]. It consists of a 1.3 GeV injector, a race-track style
damping ring (DR) and an extended extraction line. The
major parameters of the DR are listed in Table I. ATF
provides an excellent opportunity to investigate halo for-
mation towards future colliders. Compared with a high-
energy collider with typically high local chromaticity in
the interaction region and strong nonlinear beam-beam
interaction effects, the primary mechanisms driving par-
ticles into the halo region in a GeV-scale electron storage
ring are more straightforward, involving mainly beam-
gas scattering (BGS), Touschek scattering and nonlinear-
ity [10, 15–17]. However, the verification of such plausi-
ble driven mechanisms from direct observations has been
rarely reported. Prior beam halo studies in ATF have
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concentrated on the development of high-dynamic-range
halo monitors and analytical evaluations based upon
Campbell’s theorem [18–20]. Quantitative measurements
using diamond sensor based detector did show that the
vertical halo is dominated by the elastic BGS process [21].
However, the horizontal halos were much larger than pre-
dicted by BGS, and could not be fully explained. Given
the relatively large non-zero horizontal dispersion, it was
suspected that they were arisen from an inelastic scat-
tering process such as Touschek scattering, but a careful
check of this hypothesis could not be pursued due to the
lack of an adequate numerical simulation with all the
necessary physical processes and a powerful monitor for
both transverse and longitudinal halos.

In this article, numerical simulations of halo gener-
ation including a more complete set of scattering pro-
cesses in the presence of realistic machine parameters
are presented, followed by experimental observations of
transverse and longitudinal halos employing a combined
YAG/OTR screen monitor. The reasonable agreement
between these new simulations and the measurements
demonstrates the Touschek effect’s leading role in the
formation of horizontal and momentum halos.

TABLE I. ATF main parameters [11, 12].

Beam energy [GeV] 1.3
Circumference [m] 138.6
Bunch charge [nC] 0.16-1.6
Vertical emittance [pm] >4
Horizontal emittance [nm] 1.2
Energy spread [%] 0.056 (0.08)a

Bunch length [mm] 5.3 (7)a

Number of bunches 1-20
Repetition rate [Hz] 3.12

a For a bunch charge of 1.6 nC.
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