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It has been demonstrated that in the Compact Linear Collider  |l. WAKEFIELD CORRECTION WITH
(CLIC) alignment errors of the order of 10 microns r.m.s. can be MEASURED WAKEFIELDS (MW)
tolerated on the main linac components, in particular on pick-ups
These results imply the application of trajectory-correction pro-
cesses involving several correctors and beam-position monit
of the ‘dispersion-free’ or ‘wake-free’ types. The disturbin
effects to be corrected have so far been simulated by gradi f\

With respect to NLC the transverse wakefield strength is
onger by a factor of 18 (it scales &%) in CLIC. In the case

the NLC the bunch currentis increased for a proper evaluation
ghe wakefield effects [4]. In CLIC the wakefields dominate
. . . . he beam dynamics effects at the nominal bunch charge value
variation of the lattice quadrupole chains. Recently, the |dea&tp — 610 8x 10° particles). Therefore, the problem is rather

a direct evaluation of these effects was suggested. In particular? - ; . .
one can measure the response of the trajectory when the beantl%'—nd conditions where the influence of the wakefields is small
ough and which can be used to determine a trajectory followed

tensity is modulated. By incorporating into the above-mention d . : : ;
algorithms the measured trajectory differences in order to mitY, abeam not affected by wakefields. Simulations show that this

imize them, better performances are achieved than when th%g@d't'on is reached when the bunch population is reduced by

undesirable effects are simulated. The results presented sho%%%o?rdtzrkgl;n;?ggﬁggltowéi nqtrr?lnzlk\é?'lglzé':slg.'t%:)riggecz);f@s-
gain of a factor of two on the vertical emittance blow-up. J y ' u WIth W : Wi '

similar to the trajectory measured with a bunch charge ten times
smaller in the presence of wakefields.
. INTRODUCTION The application of awakefield correction with measured wake-
fields (MW) not only requires the measurement of differences
The transverse emittance control is an important issue for fNx; between trajectories taken for different chargés and
ture linear colliders. Alignment errors affect the position of laty, /10, but also their predictioms X; [2]. The determination
tice quadrupoles and of R.F. cavities. Dispersive effects as IA X; requires the knowledge of all the transfer matrix coef-
as transverse wakefields are then generated, leading to emittaj@nts Ry,(i, j) from a kick 6, to each pick-upj with j > i
dilution. The relative importance of these effects is related tcated downstream). This is needed for the nominal machine
each collider design. It is possible to use processes involviggd forN,/10 (description of the linac without wakefield). How-
the minimization of expressions related to the basic trajectogyer, in order to avoid having to evaluate these coefficients twice,
measured at nominal momentum, as well as expressions relafdiinac description used in the absence of wakefield is simply
to trajectories taken for different detuned machine conditionse basic optics model. The implementation of the method is
The efficiency of the method is directly related to the assumgpren simpler, but this is an approximation compared to the actual

tions made on pick-up alignment and resolution errors. Theggse, as some effects, for example energy dispersion within the
processes can be of the dispersion-free (DF) or wake-free (Wjghch, are neglected. Then, in our case:

types as initially suggested at SLAC [1]. In the first, the focusing

and defocusing quadrupole chains are detuned by the same rela- AXj = Xj (nomina) — X; (mode)
tive amount, whereas in the second case their setting is modified
in opposite directions. The application of these methods to {h
Compact Linear Collider (CLIC) main linac is discussed in Ref.
[2]. One interesting aspect is that quantities involving trajectory
differences are invoked in addition to the basic trajectory. The o .
importance of pick-up alignment errors, supposed to be static Xj (mode) = Z Ria(i, j, optics mode) 6
during the process, is then diminished and it is possible to rely =)

more on pick-up resolution errors, which will remain confined in For a kick, supposed to be located at lattice quadrupoles, the 50
the sub-micron range. The last results obtained for CLIC are dgmsequent pick-ups are considered (one pick-up being installed
scribed in Ref. [3]: assuming alignment errors ofid (.m.s.) every two girders).

on quadrupoles, cavities, and pick-ups, vertical emittance valueshe results of this MW process application after 800 m (80
of around 20< 10~° radm can be obtained at the end of the linage|is) are represented in Fig. 2: alignment errorspf®(r.m.s.)
(3200 m for a final energy of 250 GeV per beam). on quadrupoles, pick-ups and cavities.

Recently, the idea of a direct evaluation of the wakefields hasStarting from a pre-aligned machine (Fig. 2a) the emittance
emerged, instead of their simulation by quadrupole detunireyolution is shown (Fig. 2b) after the application of 19 iterations
One way is to measure the beam trajectory at various curreats 18 quadrupoles (nine cells) each, with an overlap of nine
and to minimize differences. This concept was used to perfohalf-cells between consecutive iterations. The process converges
simulations in the case of the NLC, with promising results [4&traight off (no second pass is needed) and is the most efficient
It has also been tried for CLIC. when the maximum number of cells is considered per iteration

Xj (nomina) = Z Ri2(@, j, nomina) 6;

i<j
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Figure. 1. Measured trajectory on the first 800 m:Ng) =
. . 1 | | |
6 x 1@, wakefields OFF, pr =6 X 108, wakefields ON. O() 200 400 600 800
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(the 50 pick-ups considered for a kick are distributed over nine Figure. 2. Vertical normalized emittance over 800 m.
cells). The efficiency is bestwhen weighing 10 to 100 times more

the term describing wakefield effects compared to the trajectory _ i ) )
term. appreciated. The terms related to wakefields and dispersion are

However, correction of the dispersion on this wakefield’yeighed 100times more than the term dealing wi_th thgtrajec'gory.
corrected linac, disturbs the results (Fig. 2c). A solution is to The f]?cr?”qlf‘”d third terkms can thfen bke ?oP;bmeg 'g.to as'f‘g'e
consider simultaneously a term describing the effects of wakg!m which will at once ta © care of waketielas and dispersion
fields and a term related to dispersive effects and can be refered to as a Dispersive Wakefield (DW) term. Here,

' the trajectories with energy excursians and —§ and without

IIl. DISPERSIVE WAKEFIELD wakefield, are compared to the nominal trajectory:
ALGORITHM (DW) AX = xj(Np/10, po = 8po) — X;j (Np. Po)
In order to at the same time minimize wakefields and disper- ijis = Xj(Np/10, po £ 8po) — Xj(Np, po) . (3)

sion, with the first term related to the trajectory, taken for nominal

currentN, and nominal momenturpy, two other terms should ~ This scheme is more efficient as the number of trajectories to
come in the algorithm: one related to wakefield effects, dedle measured and calculated is decreased.

ing with trajectory differences at nominal energy between bunch

chargesNp andN,/10, IV. RESULTS

The application of a DW correction on the same machine gives
AXj = Xj(Np, po) —Xj(Np/10, po) the results represented in Fig. 3b. Again, a relative weight of
AX; X;j(Np, po) — Xj (optics mode) (1) 100 is given to the term describing wakefields and dispersion.
The efficiency is as good as when the two terms are distinct
and one extra to correct dispersion, describing the differengesy. 3p compared to Fig. 3a). Applying this strategy up to
between a particle having nominal momentwmand another the end leads to the results presented in Fig. 3¢: an emittance
particle with an energy excursiahs = +Ap/ po, value yey = 10 x 10°® radm is obtained after 51 iterations
from the pre-aligned machine. This represents an improvement
X; (Np/10, po == 8po) — Xj (Np/10, po) (2) by a factor of two compared to the results cited in Ref. [3].
Ax].ﬂ = X;(Np/10, po £ 8po) — X; (optics model . The scheme was tested on another machine with the same lon-
gitudinal parameters (RF phasg Bunch length 0.17 mm, bunch
Each term can be properly weighed with respect to the othezharge 6x 10° considered betwee#i30,) but with completely
The determination of the quantiti®§ coming into the third term  different alignment-error distribution (still of 1@m r.m.s.). Re-
requires a further description of the linag6(i, j) coefficients) sults are presented in Fig. 4 after 2000 m and 43 iterations
for the energy deviations:8. Again, this was taken from the (yey, = 9 x 1078 radm is obtained — Fig. 4a) and at the
model at the relevant energies. Using this algorithm gives goedd of the linac after 90 iterations (Fig. 4b). It was necessary
results (Fig. 3a): the improvement with respect to Fig. 2b canteeadd a few iterations between 2000 m and 3000 m, placing
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©) Figure. 5. Emittance growth on the third (nominal) machine.
30 1

20 n V. DISCUSSION AND CONCLUSION

A method based on the measurement of wakefield effects by
modulating the bunch charge has been tried in CLIC and ap-
0 L. N pears more efficient than when these effects are simulated by

0 1000 , (m)2°°° 3000 quadrupole detuning. This is particularly true in the first half of
the linac, where, using the largest number of kicks and pick-ups
Figure. 3. Vertical normalized emittance evolutioni:n a given iteration (only limited by the F“‘?O_'e' description), th(_a
a) MW-DF process: b) and ¢) DW process. process converges straught off, henge I|m|jc|ng the number of it-
erations needed. Wakefields and dispersive effects can then be
combined into a single term in the algorithm; the process is thus
easier to implement, the number of machine conditions to be de-
more emphasis on a wakefield term without dispersive compgribed being reduced. The implementation of such a scheme,
nent (MW correction), and also on the trajectory term. A valuf particular the way of regularly modulating the bunch charge
yey = 10 x 10_8 radm is observed at the end of the linac. during its app”cation, remains to be studied.

At higher energies, this DW algorithm appeared less powerful,

and adding a simpler MW algorithm or merely a trajectory cor-

o

v ey-lO8 rad-m)

10 T

30E  a) 1 rection was sometimes beneficial. A possible reason could come
from the model used to describe the machine without wakefields.
201 E Another possibility is the artificial splitting of the linac into sec-
, tors in the model, without their overlapping. The final vertical
g o B emittance value is improved by a factor of two, with a process
g [ [ , | L] relying on the beam response, keeping alignment tolerance at 10
mg 500 1000 1500 2000 um (r_m_s)_
tp>
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Figure. 4. Vertical normalized emittance: a) DW process after
2000 m; b) at the end of the linac.

A third machine was considered (Fig. 5) with the latest longi-
tudinal parameters proposed for CLIC [5]: RF phasg b2nch
length 0.2 mm, bunch charge@ 0° considered between + 10,
and~ —20; (this machine has an energy spread reduced by a
factor of two). As in the previous case, the DW process was
efficient in the first half of the linac but the correction process
had to be resumed from 1500 m with a MW algorithm, and the
basic trajectory term stressed near the end. This strategy kept
the emittance below 28 10-8 radm along the linac and led to
a final valueye, = 10 x 10-8 radm after 95 iterations.



