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EMITTANCE PRESERVATION IN THE MAIN LINAC OF CLIC

D. Schulte, CERN, Geneva, Switzerland

Abstract In order to stabilise the beam the so-called BNS-

The luminosity that can be achieved in a linear coIIide(r;iamp.ing is used. In a first short section the RF'ph"%SG Is set

strongly depends on the vertical emittance of the beams \ t(.) increase the bunch energy sprgad, in the main part of
the linac it is chosen to keep the relative energy spread con-

the interaction point. One of the most important Source|§itant and in the last part it is set as to decrease the spread to
of emittance growth is the accelerating part of the mai . . i
9 gp full width of less thari % in order to pass the final focus

linac especially in the case of the compact linear collidef* ¢
CLICI1], where the wakefields are strong due to the higﬁys em.
frequency of the accelerating structur86 GHz). Possi-

ble lattices for the main linacs for centre-of-mass energies Table 1: The parameters of the linacs.
of 1 TeV and3 TeV are presented which allow the use of Inital energy{GeV] 9 9

BNS-damping for emittance preservation. A new ballis- Final energyGeV] 500 1500

tic beam-based alignment technique to keep the emittance | Part. per bunciv 4-10° | 4-10°

growth below the required limit is investigated. The influ- Bunches per train,, 150 150

ence of different prealignment and field errors on the cor- Dist. betw. bunched[ns] | 0.67 | 0.67
rection efficiency is investigated. In. vert. emitt.e, o [nm] 50 5
Final vert. emitt.e, [nm] 70 10

1 LATTICE Emitt. budget[%] 40 100
. o Bunch lengtly, [um] 50 30

In CLIC the RF-power fed into the main linac structures GradientG [MV /m] 100 150
is produced by a second beam (drive beam) running paral- | Ej|| factor %] 74 78
lel to the main beam in the so-called transfer-structures[2]. Bumps 5 10

Each of these feeds two main linac accelerating structures.
To facilitate the matching of the optics of the two beam-

lines they consist of modules. Each main linac module 70 : : : :

usually supports four structures with dimensions optimised 60 | : -':

for the3 TeV machine. The necessary quadrupoles replaceg

one to four of the cavities. A cavity BPM (beam position = S0 - i

monitor) is placed in front of each quadrupole. For a pa-.2 40 + - .

rameter overview see Table 1. § 0L — ]

The lattice consists of sectors, each containing FODO- -

cells of equal length and phase advance, and follows theZ 20 | e %

scaling with energy¥ 10 W i
0 1 1 1 1

_ (BN _ (BN 300 600 900 1200
wB =t () .+ 1B)=h(5) 0 e
with the initial cell and focal length&, and f, at energy Figure 1: The beta-function along tB&eV-linac.

E, and the scaling parametesig, = 0.5 anday = 0.5.
Figure 1 shows the beta-function for th&eV case.

The sectors are matched by adjusting the last three and
first two quadrupoles. In theTeV machine the phase ad- 2 ERROR SOURCES
vance is about01° per cell while in the3 TeV case ap- The elements will be accurately aligned (to better than
proximately70°, varying slightly from sector to sector. The 10 um) using a system of wires. The simulations were
smaller phase advance leads to a better stability for drifperformed using PACET [3], averaging overl00 cases.
like motion than the larger one which gives a better fill facAll elements are assumed to be scattered around the com-
tor (ratio of active to total length). The drift-like motion is mon axis of the linac according to a normal distribution
a significant problem for the small emittance3afeV but with a sigma of10 um for cavities and BPMs and of
not very severe fot TeV. 50 um for quadrupoles. The resolution of the BPMs is
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Figure 2: The offsets of the logical BPM centres before anBligure 4: The emittance growth for tl3l'eV machine if

after application of the ballistic alignment in some part ofilso the cavities are aligned with the beam. The errorbars

the linac. BPMs on vertical lines define the bin ends. indicate the RMS-variation of the emittance for the 100
simulated cases.

9.5

= 9l 'singlebunch ] W
S g5 [ ... multi bunch - quadrupole after the last BPM in the bin is then used as the
Y 2 'multi bunchw. corr. ¢ h . . . . o :
] gl ‘ first one in the next bin. In this way the linac is divided into
§ 75 L &l ‘ b short sections in which the BPMs are aligned to straight
g PR I N N lines with small kinks at the intersections, see Fig. 2.
65 |14 L B e Wt For the 1 TeV case the resulting emittance growth is
8 TTIIVE A A A B R N Aey/ey0 = T0%, for3TeV Ae,/ey0 = 270%.
§ 55 ‘I‘ / " ! ] To further reduce the emittance, a number of emittance
5 . . . . . tuning bumps are used. For each transverse plane they con-
300 600 900 1200 1500 sist of two small groups of structures that can be moved
E [GeV] transversely and are separated by a phase advance of about

90°, comparable to those in Ref. [7]. A feedback follow-
Figure 3: The emittance growth after the beam-based aligimg these is used to steer the beam back onto its original
ment for the3 TeV machine. trajectory. In between the bumps a one-to-one correction is

performed for the same purpose. The bumps are distributed

o , so that the phase advance between them is approximately
0.1 um [4]. For the ballistic method the remnant field of theyhe same.

quadrupoles is assumed to be equally distributed betweeng . a1 TeV case five bumps were used, leading to an

0and2 % of.the maximal field and to remain constgnt_fromemittance growth of\e, /e, o = 18 %. For the3 TeV case
one correction cycle to the next. The centre of this field ifive and ten bumps were tried. As can be seen in Fig. 3,
taken to be shifted from that of the full field by a normaly,q emittance increase with ten bumps is abigu, five
distribution with a RMS-width o'ﬂQ pm. During the mea- bumps lead ta\e, /e,.0 ~ 30%. Smaller energy spreads
surement of the response coefficients and the correction theyhe pheam and lattices with a smaller total phase advance
beam is assumed to have a jitter atthe linac entfyblr,.  penyeen bumps are advantages for this correction. The
In the following the single bunch effects will be consid-pinimal emittance achievable with the final bump is evalu-
ered. The short range wakefields are taken from [5].  ated at the linac exit. Even so, this bump would most likely
not be optimised for this but rather for the interaction point.
3 CORRECTION The value is however indicative for the reduction that can
be expected at the latter.
The linac is initially corrected using the ballistic alignment As can be seen in Fig. 3 the emittance increases rapidly
technique[6]. In this method the beamline is divided int@fter each bump, this is due to the initial misalignment of
bins of twelve (or so) quadrupoles which are corrected ortae BPMs. In the case of theTeV machine, this effect
after the other. In the first correction step all quadrupoles very small. The emittance measurement station is point-
of a bin but the first are switched off. With the first correcdike in the simulation—in further studies it should be sim-
tion coil the beam is centred in the last BPM. The offsetslated in more detail. This beating in the emittance can
of the other BPMs are then corrected such that the centrieswever be suppressed if the cavities are realigned around
fall onto the measured beam position. In the second stéipe beam trajectory after correction. If the error on the final
the quadrupoles are switched on and a simple one-to-ocavity position isl0 um, the emittance growth is compara-
correction is performed. These steps are iterated to redugke to the present case but the variation in the emittance is
the effect of the remnant fields to a negligible level. Thalmost completely suppressed, see Fig. 4.



16 — T T T T T is found to be4 nm and1.3nm for thel TeV and3 TeV

g‘ 15 + - machine, respectively.

‘o 14 .

% 13 | 5 MULTIBUNCH ISSUES

% 12 b | Since no longrange wakefield calculations are available a

et very simplified model was suggested [9]. The field is fixed

S 1r i in phase and the amplitude is decaying exponentially over

?J>3 10 + 1 the first ten bunches, with different constants for the first
9 and second five. Afterwards it remains constant. This is

070809 1 111213141516 thought to be a pessimistic model using the information
L/f available on the amplitudes. As is shown in Fig. 3 the
emittance growth of the train after correction with a sin-
Figure 5: The emittance afté0®s of ground motion us- gle bunch ist0 % instead oft5 % for the single bunch. If
ing one-to-one feedbacks for different—initially perfect—the emittance bumps are reoptimised and a one-to-one cor-
lattices. The different curves correspond to different focakection is performed between bumps using the whole train,
lengthsf ranging from0.975 to 1.4625 m. the resulting emittance growth is bel®y %. The single
bunch emittance along the train is almost constant, except
for the first few bunches, which are in the transient regime.
4 STABILITY For the one-to-one feedback after a given time the re-

Three different effects are considered, the ground motiofUlts of multi and single bunch simulations are very close,

beam jitter and quadrupole jitter. To estimate the effe@dain using a measurement thhe whole train in thgformer_
of ground motion the simple ATL-law is used with = Instead of20 % per day for single bunches the emittance

0.5 - 109 (um)? /(sm), an upper limit taken from [8]. growth for the full train is abow5 % per day, if the bumps

The effect of ground motion is reduced by using feed@'® Not reoptimised.
backs to steer the beam back onto its original trajectory.
Also a one-to-one correction can be used as a feedback. 6 CONCLUSION

Further, the emittance'bumps can' be reoptimised. The correction of static misalignments in the CLIC main
For the 1 TeV machine the emittance growth after 10y, ¢4 preserve an emittance of= 5 nm within a factor

minutes is30 % if five feedbacks are used. The one-10y,, seems feasible. The high sensitivity to drift-like mo-
one correction yield\e, /e, ~ 16 % after about ten days o, requires the ability to do one-to-one recorrections in

(10%s), additional reoptimisation of the bumps leads tq, feedhack mode and to be able to apply a full correction
only Aey, /e, ~ 6%. The linac would therefore have to frequently.

be recorrected about once every month, only.
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