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Abstract Center-of-mass energy [TeV] 1 5

In this paper, we describe the single and multi-bunchlLoaded acc. gradien&) [Mv/m] | 100 | 200
sources of emittance dilution in the linacs of both 1 and Beam loading 15.7 | 12.3%
5 TeV center-of-mass energy linear colliders. The linacs Total linac length [km] 8.1 | 15.8
operate at high rf accelerating gradients with a frequencyActive/total length 65% | 80%
around 30 GHz. At this high accelerating frequency, the Initial energy [GeV] 10 10
wakefields are very strong and we discuss the BNS damplnit. cell length [m] 66 | 7.2
ing and correction procedures as well as the alignment and\PProx. energy scaling 04 | 05
construction tolerances that are required to preserve théverage rf phase;.s) —13° | =5°
transverse emittance. Finally, because the collider must opEnergy overhead for BNS 2% 1%

erate with long bunch trains, we consider the multi-bunch  Tapje 2: Linac parameters for 1 and 5 TeV colliders
emittance dilution for a few cases where either the long-

range transverse wakefield is damped or it is decreased by ) o ] i
a combination of weak damping and detuning. lized but give similar results. In the next sections, we first

describe the linacs that were studied and then discuss the

1 INTRODUCTION single bunch dilutions, the multi-bunch beam break-up and
In this paper, we discuss the emittance dilutions in linac&mittance dilution, and finally, the jitter and stability issues.
for linear colliders with center-of-mass energies (cms) be-
tween 1 and 5 TeV. The 5 TeV collider is based upon the 2 LINAC DESIGNS
design described in Refs. [1, 2] while the 1 TeV versiorf he loaded accelerating gradient® MV/min the 1 TeV
is similar to the CERN Compact Linear Collider (CLIC) case while it is twice that in the 5 TeV design. Both de-
[3] although using slightly different parameters which havé&igns have an injection energy of 10 GeV and the linacs
been optimized to reduce the effect of the transverse wak@re constructed from standard FODO arrays. In addition,
fields. The primary beam parameters for both cms energiée lattice cell lengths and beta functions, for the 1 and

are listed in Table 1. 5 TeV cases, scale roughly with the beam energy to the
powers 0.4 and 0.5 and are arranged into 5 or 6 separate

Center-of-mass energy [TeV] 1 5 sectors, respectively. The linac parameters are listed in Ta-
Luminosity [10%3cm —2s71] 10 100 ble 2 and the vertical beta function in the 5 TeV design is
Part. per bunch{) [10°] 0.4 0.3 shown in Fig. 1.
Bunches per train) 45 200 In most sectors, the phase advance per cell starts at
Bunch spacing4t) [ns] 0.5 0.5 roughly90° ~ 100° and then slowly decreases, reducing
Bunch length ) [m] 50 35 the variation of the energy spread required for ‘autophas-
Emit. from DR (e, ,) [107°] | 100/5 | 40/0.5 ing’ [7] which is used to control the single bunch beam
Emit. at FF €re, /,) [10~°] 125/10| 50/1 break-up. In the 1 TeV case, this required energy spread

is roughly 0.8% rms while it is about 0.4% rms in the 5
TeV case. Finally, the average rf phase required to achieve

In both cases, the accelerators are based on 30 GHzarfinal relative energy spread of 0.8% full width-si3°
power. This relatively high rf frequency allows for muchand —5° for the two cases while the energy overhead re-
higher acceleration gradientéthoutsignificantly more se- quired to vary the rf phases and implement the autophasing
vere alignment tolerances [2, 4]. Even though the wakds roughlyl ~ 2%.
fields are much stronger in the high frequency structures,
this scaling arises because the optimized charge and bunch 3 SINGLE BUNCH DILUTIONS
length are much smaller and thus teffectof the wake- The primary single bunch emittance dilutions are due to the
fields and the required tolerances are comparable to thasansverse wakefields and the non-zero beam trajectory that
in lower frequency designs. arises from quadrupole and BPM misalignments. As listed

The primary sources of emittance dilution that we conin Table 3, we have assumed toleranced@®fim random
sidered are due to misalignments, both static and timeaisalignments of the accelerator structures2apth align-
varying, of the accelerator sections, quadrupoles, anmdent between the quadrupoles and the BPMs; the initial
BPMs. Simulations were performed using the codes LIARuadrupole alignment is not important. These values are
[5] and MBTR [6] which differ slightly in the models uti- similar to those used in the NLC design [8] and would be

Table 1: Beam parameters for 1 and 5 TeV colliders
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Center-of-mass Energy [TeV] 1 5
80 - 1 Tolerance on quadrupolesrp] | 100 100
z Tolerance on rf struc{m] 10 10
5 el | Tol. on BPM-to-quadgm] 2 2
g Correction procedures 1-to-1| 1-to-1&
S ol e-bumps
2 Single BunchAe, /¢, 45% 33%
€ Full Train Ae, /e, 46% 37%
| 1 Emittance Budget 100% | 100%
\ Table 3: Tolerances for 1 and 5 TeV colliders; the 1 TeV
% 4000 8000 12000 16000 version only uses 1-to-1 trajectory correction while the 5
S (m) . . . .
TeV collider also requires the use of emittance bumps sim-
Figure 1:4, in a linac of the 5 TeV collider. ilar in concept to those used in the SLC.

1.1e-08

attained using beam-based alignment. Specifically, the ac-
celerator structures could be aligned to the beam trajectory
by measuring the beam induced dipole mode power an@
the quadrupole-to-BPM alignment could be determined byg  9e-09 |
varying the quadrupole strengths; more details on the aligng
ment techniques can be found in Ref. [8].

With these tolerances and correcting the trajectory withs
the simple 1-to-1 method, we find 50% vertical emit-
tance growth in the 1 TeV design and 200% growth in
the 5 TeV case. While with the 1 TeV parameters, the
emittance dilution after the 1-to-1 trajectory correction is 59 2000 2000 12000 16000
acceptable, this is not the case at 5 TeV and thus some ad- S (m)

ditional form of emittance correction has to be conS|dereq_Tigure 2: Simulation of emittance growth versus distance
3.1 Emittance Correction in 5 TeV linac after correction using 5 pairs of movable ac-

There are a number of possible emittance correction techelerator structures to minimize the emittance at the emit-

nigues. In this paper, we describe a global correction tecfnce diagnostic stations; the line is the average of 40 dif-

hique where emittance tuning ‘bumps’ are varied to minif€rent error distributions with error bars to denote the vari-

mize the emittance at emittance diagnostic stations locat&°n While the crosses are the results from one of the 40
along the linacs; a similar technique is routinely used at thePSes:

Stanford Linear Collider (SLC) to reduce the vertical emit-

tance dilution from roughly 1000% to about 100% [9]. In We have calculated the emittance dilution that arises
our case, the emittance tuning bumps are constructed frdf/@M an injection trajectory error versus the bunch sepa-
pairs of acce|erator structures Wh|Ch are Separat@)by ration aSSUming a Wakefield Calculated by Scaling the NLC
in betatron phase and are located upstream of the diagn&¥?S accelerator structure [8] to 30 GHz. The dilution re-
tic stations. The results of simulations are shown in Fig. ains roughly equal to the single bunch dilution until the
where five sets of bumps reduce the emittance dilution froltNch separation is reduced0 ~ 12 rf buckets where
roughly 190% to about 35%. Finally, results using an altethe beam break-up becomes significant. Similar results are
nate technique, where the phase advance along the linad@snd using the wakefield for the CLIC damped structure
varied by small changes in the quadrupole strengths, afkl] but the CLIC DDS accelerator structure [12] does not
describe in Ref. [10]; here, a similar six-fold reduction wagerform as well at the shorter bunch spacing because it was
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also found. optimized for a bunch spacing of 30 buckets.
If the multi-bunch beam break-up is small, the multi-
4 MULTI-BUNCH DILUTIONS bunch emittance dilutions are also usually small when com-

Multi-bunch beam break-up will limit the bunch-to-bunchpared to the single bunch emittance dilutions. Assuming
spacing. In these high energy linacs, the amplitude of tHbe tolerances described in the previous section, we find
long-range transverse wakefield is reduced by ‘detuninghat this is true for both the 1 and 5 TeV cases; as listed in
the dipoles modes so that there is a spread in mode fr&able 3, the dilutions with a full bunch train are very similar
quency and/or by damping the wakefield directly. In eito the single bunch dilutions.

ther case, the wakefield decays rapidly with time. Thus,

the threshold for multi-bunch instabilities, which is propor- > JITTER AND STABILITY
tional to both the bunch charge and the wakefield, is eX@ne of the big liabilities in a large linear collider is the
tremely sensitive to the bunch separation. sensitivity to vibration and drifts. We can separate the mo-



the time between successive measuremdnts, the dis-
tance separating the two locations, a#ds a coefficient
that depends on the geological conditions of the surround-
ing environment. For our calculations, we use a coefficient
A =5x10""p?/s/m. Thisis larger than values measured
in the FFTB tunnel at Stanford Linear Accelerator [14] but
is smaller than measurements at some other laboratories.
In the 1 TeV case, the emittance dilution increases by
roughly 50% after 30 minutes which is similar (50% faster)
to the NLC design. The dilution increases roughly 3 times
faster in the 5 TeV case as is illustrated in Fig. 3. This sug-
gests that, in the 5 TeV case, the beam trajectory should

Figure 3: Simulation of emittance growth versus distancg€ re-steered (using 1-to-1 correction) every 5 minutes to

i i - i i 0 -
in the 5 TeV linac due to ATL motion after 10 minutes with constrain the.t|n.1e averaggd dilution to roughly 15 /° Al
- . . o ternately, a similar correction procedure could be imple-
coefficientA = 5 x 10~7; the simulation includes seven . )
. i ) mented as a slow steering feedback loop. In either case,
feedback stations that constrain the beam trajectory aloqgere should be minimal luminosity impact
the length of the linac and the results are the average ofjl y Impact.
different seeds with error bars denoting the variation.
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