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Abstract

Linac4 is a new accelerator under study at CERN. It is designed to accelerate H- ions to 160
MeV, for injection into the existing Proton Synchrotron Booster. The low energy section,
comprising an H- ion source, a LEBT, a 352 MHz Radio Frequency Quadrupole and a 3 MeV
chopper line will be assembled at CERN in the next years. Linac 4 is also designed as an
injector for the SPL, a high power proton driver delivering 5SMW at 3.5 GeV. In this case the
beam losses must be limited to 1 W/m and therefore the formation of transverse and
longitudinal halo at low energy becomes a critical issue which has to be measured and
controlled. The chopper-line is composed of 11 quadrupoles, 3 bunchers and the chopper
itself. Its beam dynamics will be characterized with specific detectors and diagnostic lines. In
particular the transverse and longitudinal halo will be measured by a Beam Shape and Halo
Monitor (BSHM) with a sensitivity of 10.000 particles per bunch and a time resolution of 2ns.
In this paper we present the simulation work in preparation for the measurement campaign
scheduled in 2008.
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Abstract transmitted beam. Then, a Drift Tube Linac, equibpe
Linac4 is a new accelerator under study at CERNs It With 82 permanent quadrupoles, accelerates the lteam
designed to accelerate H- ions to 160 MeV’ ford‘l’m 40 MeV at 352 MHz. The next Stage of accelerat®n i
into the existing Proton Synchrotron Booster. Thev | done by a Cell-Coupled Drift Tube Linac to 90 Mdve
energy section, Comprising an H- ion source, a LEBT final accelerating structure is a Side COUpled tjna
352 MHz Radio Frequency Quadrup0|e and a 3 Mewerating at 704 MHz, which brings the beam to 160
Chopper line will be assembled at CERN in the [yems MeV. The total Iength of Linac4 is around 80 m. The
Linac 4 is also designed as an injector for the,3Phigh Linac4 duty cycle is respectively 0.1% and 3-4%yséd
power proton driver delivering 5SMW at 3.5 GeV. hist as the PS booster injector or SPL injector.

case the beam losses must be limited to 1 W/m and

therefore the formation of transverse and longitatihalo Project advance overview

at low energy becomes a critical issue which hapgo An End-to-End simulation was performed from the
measured and controlled. The chopper-line is comgho$ source to the SCL [2]. Beam dynamics in the RFQ was
11 quadrupoles, 3 bunchers and the chopper itlslf. simulated with Toutatis code [3] (a beam has been
beam dynamics will be characterized with specifigenerated at the RFQ entrance). For the following
detectors and diagnostic lines. In particular tlamsverse structures, from chopper-line to SCL, simulationsrev
and longitudinal halo will be measured by a Bearaggh performed with two different codes, PathManager [4]
and Halo Monitor (BSHM) with a sensitivity of 1000 from CERN and TraceWin [5] from CEA. The results of

particles per bunch and a time resolution of 2ns. both codes agree, and show that main beam dynamics
In this paper we present the simulation work irppration perturbations arise before the beam reaches 3 MeV.
for the measurement campaign scheduled in 2008. fact, most of the losses, emittance increase and ha
formation is located in the chopper-line (cf TableRor
INTRODUCTION this reason it has been decided to lead a 3 Me¥ lin

The Superconducting Proton Linac (SPL) is a 3.5 Gefpeasurement campaign.
H- linear accelerator for 4 to 5 MW beam power & b

used as a driver for neutrino facilites and EURLSO Tablel : Results from End-to-End simulation
modernizing and improving at the same time thecioje BFQ mput | DTL mpat | SCL output
chain for the LHC. The normal conducting part oé th e 25 ke¥ LY LA
SPL, called Linac4, is presently under study at NERd RIS in torn snazd, 023 0.34 033
could be used, in a first stage, as a new injefciothe Longitudiral e rittance 015 0 035
CERN Booster [1]. RIS in deg Me¥. : ' -
Transrission 0% 0%

Figure 1: SPL Layout. ) ) ]
The RFQ is now under construction and the mainspart

LINAC 4 of the chopper-line (chopper plates, bunchers, gtecave
3.0Mev s0Mev  90Mev 18qMev 643 Mev been tested and measured. The 3MeV test stand [6],
|- (RF@){chopper )3 DTL tanis)(ccnTL) (5L iG=mo)ascev where the source, the LEBT, the RFQ and the chepper
line will be assembled and their operational
characteristics measured, is scheduled to oper&eds.

352.2 MHz 704.4 MHz

CHOPPER-LINE BEAM DYNAMICS

Linac4 is composed of a source, a LEBT, an RFQ, aThe chopper-line is composed of 11 quadrupoles, 3
chopper-line, a DTL, a CCDTL and a SCL. The sourcgynchers, the chopper itself and the dump dedictted
delivers a 35keV H- beam post accelerated to 95KB¥. cojlect the chopped bunches. From the beam dynamics
IPHI RFQ from CEA accelerates the beam up to 3 M&V point of view, we can divide it into 3 parts. Thiesf
352.2 MHz frequency. At 3 MeV, the chopper-linesection, 2 FODOs and one buncher, provides matching
composed of 11 quadrupoles, 3 bunchers, two sets f@dm the fast phase advance in the RFQ to the ploase
electrostatic chopper plates and a dump, is deticei dvance in the chopper. The second section with the
the removal of 3 over 8 micro bunches coming frive t chopper, 2 focusing quads, 1 defocusing quad aed th

accelerating structure and perform a collimationthu#
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between the two chopper plates separated by 20 Imm.
gives to the beam a 5.4 mrad angular kick. Thec2dimg
qguadrupoles protect the chopper by preventing gaarb
from becoming too large and consequently hit the
chopper plates. The angular kick given by the ckopp
field is then amplified by a defocusing quadrupole
situated between the chopper and the dump andebiRFh
defocusing effect of the buncher. The dump, whasal f
radius is 6mm collect the chopped bunches and sexse
a rudimentary collimator for the transmitted oriEse last

section, 2 FODOs and one buncher, matches the beam

the DTL. The chopper-line layout is shown in Figure
(quadrupoles in blue, bunchers in green, choppeedh
and dump in grey).

Figure 2 : Chopper-line layout
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The results from the simulations obtained with tilve
codes TraceWin and PathManager are very encouragi

beam and a 93% transmission for the transmittechliea
the DTL. Figure3 represents the envelope of thenbiea
the vertical plane (the chopping plane) in bothesas
transmitted and chopped.

Figure 3 : Vertical envelopes in the chopper-line

] N
. I [ |
oF1 oF3 s ors ors 7 N ey o on
Y P | i M T
| W I W T
] L \ﬂ\\‘
\ /
P %gg g 7 o \J .
Nk & N
7 %—ﬂ\ LAl ‘ ] H %w\ﬂ

On Figure4 we clearly see that the separationefwo
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Figure 4 : Beam separation at the dump entrance in
transverse plane.
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BSHM

The Beam Shape and Halo Monitor

For hands on maintenance, we have to keep theslosse
in the high energy part below 1W/m. Note that 1 ¥8.8
GeV corresponds to #a0® particles per bunch
depending on the duty cycle. As we saw beforehallb
formation happens in the RFQ and the chopper-litnés
is why we plan to measure the transverse halo
downstream the chopper-line. The second issueesaris
from the remaining particles of the incompletelypped
bunches. These bunches are efficiently transmittetie

n . . .
They show a 99.8% chopper efficiency for the chmppel'gnacd' and will be lost into the booster or intoeth

superconducting part of the SPL. They constitute th

longitudinal halo. The BSHM [7], developed at CERN

will be able to provide measurement of these tvpe $yof

halo. Its aim is twofold:

* Measure the transverse halo generated in the
RFQ and the chopper-line

« Detect and measure the incompletely chopped
bunches. The “longitudinal halo”

BSHM Hardware

The H- ions hit a carbon foil and generate secgndar
electron emission with the same current and spatial
distribution. These electrons are accelerated wwar
phosphor screen by an electric field applied betwee
accelerating grids. In order to avoid space chaffget in
the electrons cloud, a pre-accelerating grid wik' has
been added just 2 mm after the carbon foil. It &idlp

beams at the dump entrance is almost completeabugchieve the spatial (1 mm) and time resolution }2ns

small overlap (less than 1% of the beam) still nemaNe
can also see on Figure4 that the dump which celitzt
main part of the chopped bunches (99.8%), is asal to
collimate the transmitted bunches (6% of the tratieth
beam is collected in the dump).

Once the electrons reach the phosphor screen, they
generate light which is transmitted to a CCD camaaa
optic fibers.

In order to have good measurement for the transvers
halo, the dynamic range reached during the devedopm
of this detector is 0 For the measurement of the
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longitudinal halo, it can be switched ON or OFFhiit detector perfectly adapted to the Linac4 chopper-&nd
1ns. In fact, as the RFQ frequency is 352MHz, amech  for the next high energy SPL project.
is accelerated every 2.8ns.

Figure 7 : View of transmitted and chopped bunches

Figure 5 : BSHM hardware (Phase (°) / Energy (MeV))
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CONCLUSION

1% Objective: Transverse Halo Measurement = . _
A 1 milion particles simulation performed with The transverse halo formation in the first parLiofac4

. . . idable. Simulations show that it is vergllw
Toutatis for the RFQ and TraceWin for the chopjee;l IS unavol .
has given us a good idea of what could be the tleirsi transmitted all along Linac4 up to 160MeV. The B&H

: ; will be able to provide us a good description a$ thalo.
the halo and in the centre of the beam (cf Figure6) And the decision to collimate or not the beam after
Figure 6 : Beam density after the chopper-line MEBT for the SPL project in order to limit losses t

(Transverse plane X/Y) 1W/m, dep_ends on this Qetgctor. o
Elo: 67 [373276 m] NGOOD : 927340 /327940 TracsWin - CEA/DSM/DAPNIA/SACH Concern|ng the IOngltudlnaI halo, which is also a
critical issue for the SPL, it is directly linkea tthe
chopper efficiency. The BSHM will also be able to
characterize it with a good precision (up to 0.00&f6
remaining beam), and will aid us in setting up the
chopper.

7.107 f mm?
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