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Abstract be connected at the end of the structures [5]. For phases 3
Linac4 will be the new linear accelerator of the CERI\I‘;.nd Altis plenned to design another bench adapted to the
igher energies.

accelerator chain delivering libns at 160 MeV from This paper will give a description of the diagnostic lines
2016. The increased injection energy compared to the bap 9 P 9

50 MeV of its predecessor Linac2, combined with available for commissioning of the completed Linac4 (af-

- o . er the PIMS) and its transfer lines. These diagnostic lines
H™ charge-exchange injection, will pave the way to reac

. L represent a permanent installation and will mainly serve
ultimate goals for the LHC luminosity. : . . .

: L . . to monitor the performance of Linac4 during operation for
Extensive commissioning of Linac4 is planned for the com- ;
. . . : the CERN accelerator complex for the coming decades, ex-
ing years. For this purpose, the beam will be studied aﬂerected to start in 2016
the exit of Linac4 in a straight line ending at the Linac4’ |
dump, equipped with various beam instruments.

An almost 180 m long transfer line will guide the beamto ~ DIAGNOSTIC LINESFOR LINACA4
he ch -exch injecti i h f the Pro- - . .
the charge-exchange injection point at the entry of the Pro Providing adequate beam instrumentation along the ma-
ton Synchrotron Booster (PSB). About 50 m upstream of, . ) . S 2

: : . . chine and transfer lines, essential for commissioning and
this point, two measurement lines will be upgraded to per—

form transverse emittance measurements as well as ene lgwless operation, has always been of concern for the
. (fraca project [6]. In the straight prolongation of Linac4,
and energy spread measurements of the Linac4 beam.

A detailed description of the beam measurement principl(«;%:mmated with the Linac4 dump, the Linac4 beam will be

and setups at these three Linac4 diagnostics lines relate aracterized longitudinally an_d transversely.
o ) L ) . e transfer to the PSB comprises two parts: the new trans-
distinct Linac4 commissioning phases will be given.

fer line 'LAT’ (=70 m long) guides the beam with 2 hori-
zontal bending magnets towards the existing Linac2 tunnel,
INTRODUCTION where it connects after level adaptation (2 vertical bend-

Linac4, the new injector at CERN for proton fixed-Ngs) via a horizontal dipole. About 60 m further down-

target physics and the LHC experiments, is currentl?tream' a horizontal ben_d_ing magnet can optipnally devi-
under construction. It consists of & kburce at 45 key ate the beam to two additional measurement lines, the so-
extraction energy, Low-Energy Beam Transfer (LEBT)eaIIed’LBE'Iinefortransyerse emittance measurements or
an RFQ, a Medium Energy Beam Transfer (MEBT) at éhe spectremeter 'LBS’ line. In case o.f no Qeflect_lon, the
MeV comprising a chopper for clean injection into the®€am continues:50 m more to the PSB injection point, the
PSB. The MEBT is followed by the accelerating structurel! charge-exchange injection foil. _ _
DTL, CCDTL and PIMS with respective final energiesBeam instrumentation along the transfer lines comprises
of 50, 102 and 160 MeV [1]. The beam at the exit 01beam current.transforrners (BCTs),_ view screens, sec-
Linac4 will have a kinetic energy of about 160 MeV andondary emission monitor _(SEM) grids, beam position
a maximum pulse length of 0.4 ms. The nominal currerBPMs) and beam loss monitors (BLMs). The three above-
of the micro-bunches that are defined by the RF frequen&}ermoned measuremerrt lines will be described in more de-
of 352.2 MHz is expected to reach 65 mA, whereas thi&il in the following sections.

current averaged over the macro-pulse will be around

40 mA after the chopper. Linac4 Dump/Measurement Line

o o For Linac4 commissioning, the Linac4 dump line will be
Six distinct commissioning phases are foreseen focus- . . . .
: . : : used. Table 1 lists the beam instrumentation to be installed
ing on different parts of Linac4 and the transfer lines to th

fh the~10 m long line and its functionality.

PSB [2]: Starting with the commissioning of thé sburce, the~10 m long line and its functionality

RFQ and chopper line, it will continue with DTL tank 1, .

DTL tanks 2 and 3, the CCDTL, the PIMS and finally Tr_an_sverse Emrtranc_e M casurement _One_handle 0
maximize the luminosity for LHC collisions is the min-

the transfer lines. The commissioning phases are in line.”" . . .
imization of the transverse beam emittance. Emittance

with the installation progress of Linac4, a commonly ap- I
plied approach comparable to the commissioning stages%]r wth control along the full CERN accelerator chain is

the J-PARC [3] or the SNS linac [4]. Phases 1 and 2 wil erefore essential. The simulated transverse emittance

make use of a dedicated (re-)movable diagnostics benchﬁ\c/f)l.Utlon along the Lrnae4-to-PSB trensfer Irrres IS given
in Fig. 1. Transverse emittances at Linac4 exit are around

* bettina.mikulec@cern.ch 0.3 mm mrad; at PSB injection the values in the horizon-




most probably have to be reduced to a forth due to thermal

Table 1: Beam diagnostic instruments available betweeé?)nsiderations for the scintillation screens

Linac4 exit and Linac4 dump.

# Instrument Measurement Function o

2 BCTs Intensity, matching, statistics :

2 BLMs Loss control g

2 SEM grids (H+V) Profile, matching, position g

2 BPMs Steering, intensity, phase, ToF Eo S mivs

1 Long. BPM Longitudinal bunch profile, e NN
phase spread (rf tuning) .

3 View screens Transverse emittance R S

Length [m]

tal plane will increase only slightly, whereas for the verfigure 2: Variation of beam sizes along the Linac4 dump
tical plane a value around 0.4 mm mrad is expected forlipe (horizontal/vertical measurement: dotted/solice)in
dispersion-matched Optics of the transfer line with reSpea—he three screen pOSItIOI‘\S are marked with vertical lines.
to the PSB.
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The existing LBE line (for Linac2 50 MeV proton and
2,50E-07 ——(X,BGX') RMS-Emittance [m.rad] . . .
2007 8P RV Emitance (mrad) Linac3 ion emittance measurements) has to be upgraded to
iﬁiﬁiﬁﬁi‘ TR allow transverse emittance measurements of the 160 MeV
e L H™ during Linac4 and transfer line commissioning and later
° * © ® ® woooowooww @ during standard operation. For this purpose, the field gradi
ent of the already installed quadrupoles has to be increased

Figure 1: Simulated evolution of the horizontal (solid jne cooling needs to be revised, three scintillating screetis wi
and vertical (dashed line) emittance along the Linac4-to- 9 ' 9

; ) ... cameras and a beam dump to be installed. In case the
PSB transfer lines. Abrupt emittance changes are visible ; . . ) .
. . Inac3 ion measurements will continue in the LBE line,
the location of bending magnets.

a special optics has to be applied to be able to use the com-
mon part of the injection line without modifications, and
'he two LBE-line quadrupole power supplies need to be
Bipolar.
NRrso here, itis planned to apply the Three-Monitor-Method
calculate the emittance. Fig. 3 shows the dependence
the error on the emittance determination depending
the resolution for the beam size measurement. A
aximum reconstruction error of the order of 1% has
en simulated for beam size measurement resolutions of
0/50/200um. Systematic errors like beam size fit er-
rors, errors on quadrupole field gradients and monitor po-
itions as well as variations in the longitudinal and trans-

S?." be z?cptt)]llc_abletqrue_ o non-llnetar splf[ice chf:]rge O{hvir\'/'erse beam input parameters have been studied in detail
ations of the Input Twiss parameters. It was shown that Ity o, 14 show the robustness of the method.
should be possible to measure the emittance in both planes

with an error not exceeding 5% under the requisite of aps .
propriate resolutions for the rms beam size measureme ectrometer Line LBS

(200/50/20Qum), which seems to be feasible with scintilla- An upgrade of the LBS line is planned to allow for the
tion screens read out with appropriate cameras. Nevertheeasurement of mean energy and energy spread of Linac4,
less, in order to obtain the emittance at the Linac4 exit, th&hilst keeping the line operational for Linac3 ions. This is
measured value will have to be corrected due to emittanedso of special interest to evaluate the longitudinal pagnt
growth mainly in the start of the line (depending also omprocess where the energy of Linac4 will be varied-by

the beam intensity). During commissioning, in case TwisMeV with the last 2 PIMS modules to populate the PSB
input parameters should deviate too much from the nomipuckets more homogeneously [9].

nal values, an iterative method should be used. The measurement relies on a vertical slit reducing the emit-
In addition, the measurement with the three screens neddsice in this plane, a spectrometer magnet to vertically sor
to be done sequentially due to multiple scattering anthe particles according to their energy and a SEM grid in-
charge stripping of the H The pulse length of Linac4 will stalled at a local minimum of the vertical beta function to

It is foreseen to use the Three-Monitor-Method to dete
mine the emittance [7]. The method is based on the pro
agation of the beam ellipse in phase-space along the li
The ellipse is sampled at a minimum of three position
where through the precise measurement of the beam wi
and the knowledge of the transfer matrix the emittance c

be determined by solving a linear equation system. Wi?gf1
the help of a pair of quadrupoles the ellipse evolution iB
modified to be able to measure before, close to and behilag
a beam waist (see Fig. 2).

It has been studied in detail [8] whether this method woul



_ c CONCLUSIONS
E st ] B S
; R L _—— For the commissioning of Linac4 and later to perma-
— nently monitor its performance during standard operation
- - it will be possible to measure intensity, position, beans los
e aw eo sw e %o aw aw w0 s o and longitudinal as well as transverse beam characteistic
Resolution [um] Resolucion uun] In the Linac4 dump line and in two dedicated measurement

lines located close to the PSB injection point it will be pos-
Figure 3: Deviation of the reconstructed emittance reterresiple to determine transverse emittances, energy andyenerg
to its reference value at monitor 1 versus different (comspread, essential for emittance budget control and to opti-
mon) resolutions of the beam size measurement (left: hamize Linac4 RF settings and energy painting. Systematic
izontal plane, right: vertical plane). The central lineiind studies have been performed to propose a suitable optics
cates the nominal reconstructed value determined from tigesign and to evaluate various error sources. The simula-
fitted beam sizes, while the error band shows the maximutidns indicate that the goal of a transverse emittance mea-
deviations from the nominal value if the fitted beam sizegyrement within 10% accuracy can be obtained. The mean
are systematically varied by their fit parameter error.  energy can be determined at per mille level, and the relative

error on the energy spread determination is less than 9%.

This is sufficiently accurate for mean energy measurements

detect the beam signal [10]. All these elements will have tg"d to resolve the nominal energy spread of 160.6 keV.
be renewed and a beam dump added for Linac4 operation.
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