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FINAL-FOCUS SYSTEM FOR CLIC AT 3 TEV

F. Zimmermann, R. Assmann, G. Guignard, D. Schulte, CERN, Geneva, O. Napoly, CEA/Saclay

Abstract and CCY), and final transformer. The total length is about

We describe a base-line optics for a 3-TeV final-focus syse’-'3 km per side.

tem of the Compact Linear Collider (CLIC). The proposed
system consists of an initial beta-matching region, two

chromatic correction sections, and a final transformer, and W i I m i | M } | ﬂm } | ﬂﬂH
it provides a total demagnification by a factor 90 horizon- CLIC 3-Tev Final Focus (90x346)
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1 INTRODUCTION i /\/\ : “.\ \‘ z
The compact linear collider (CLIC) under study at CERN 00 Lo e 3000/4 —+00
[1] will collide low-emittance electron and positron beams 5ok = o s(m

at centre-of-mass energies extending up to 5 TeV. Table
1 compares the design beam parameters at the interaction
point (IP) for a 3-TeV CLIC with those actually demon-
strated at the SLC and those envisioned for a 1-TeV NL€igure 1: Beta functions and dispersion for the entire final-
[2]. The NLC luminosity represents an increase by 4 offocus system as a function of the longitudinal position. The
ders of magnitude compared with the SLC, while the CLIGnteraction point is on the right.

3 TeV parameters surpass this by about another factor of

ten. The high luminosities are achieved by increasing the Thg fina| focus decreases the initial beam size 90 times

number of bunches per rf pulse and, mostly, by reducing,y 346 times in the two transverse planes. Most of this
the IP spot size. For the latter, one can exploit the natu-

ral reduction in geometric emittance at higher energies, but
in addition reduced IP beta functions and a significant de-

Table name = TWISS

crease in the normalised emittances are required. Table 1: IP beam parameters for SLC, NLC and CLIC.
The task of the final-focus system is to focus the twg Parameter sym. SLC  NLC CLIC

main beams, after acceleration in the linac, to the trans.m. energy [TeV] E 0.1 1 3

verse design spot sizes of 43 nm, horizontally, and 1 nmJuminosity L 0.0002 13 10

vertically, at the interaction point (IP). The full momentum [10** cm™2 s71]
bandwidth of the final-focus system should be of the orderrepetition rate [Hz] ~ f,., ~ 120 120 100

of 1%, in order to accommodate the beam energy spreadbunch chargelp'’] N, 3.7 1 0.4
expected from the linac. The final-focus optics describedbunches/rf pulse np 1 95 154
in this paper nearly fulfills the requirements. The small IP bunch spacing [ns] A, — 28/14 0.67
spot size implies tight tolerances on magnet-position andbeam power [MW] P, 0.04 9 14.8
field stability. Both optics calculations and tolerance anal-hor. emittancegm] e, 50 4.5 0.68
yses [3] were performed using the computer codes FFADAvert. emittancegm] e, 8 0.1 0.02
[4] and MAD [5]. hor. beta [mm] M 2.8 12 8
vert. beta [mm] By 1.5 0.15 0.15
2 OPTICS hor. spotsize [nm]  of 1700 235 43
Figure 1 displays the base-line optics for a 3-Tev CLIC Vert: spotsize [hm] o 900 4 1.0

final focus. The system consists of a beta-matching regionPunch length [mm] 0. 1 012  0.03

horizontal and vertical chromatic correction sections (CCX 1998 average value




demagnification occurs in the final transformer, which igffect must be taken into account when choosing magnet
made from two quadrupole doublets and which alone dend beam-pipe apertures.
magnifies by a factor 15 horizontally and 50 vertically. | . ,
A high gradient of the final quadrupole prior to the IP . S o
is necessary in order to confine the doublet chromaticity;
which is closely related to the strength of higher-order- -
aberrations. For our base-line design, we have asssumed
a quadrupole gradient of 450 T/m. To put this into per-
spective, an NLC permanent magnet prototype has demon-
strated a gradient of 500 T/m [6], and higher values, up to
5000 T/m, are thought to be feasible [7]. For a large apefFigure 2: Beta functions in the final telescope for energy
ture s.c. quadrupole the assumed gradient would constiti@éisets of—0.5% [left] and+0.5% [right].
a 30% increase from present designs [8]. A third possibility
is a pulsed quadrupole, which could also achieve gradientsThe system was optimised by varying the total length,
of the order of 1000 T/m [9]. the ratio of CCX and CCY lengths, the bending angles,
We choose a free length from the exit face of the |asand the strengths of the last two quadrupoles, in order to
quadrupole to the IP of 2 m as in the NLC design [2]. Witrmaximise the Iuminpsity for a 1% flat energy spreaq. The
the assumed quadrupole gradients the chromaticity of thi@al parameter choice is a trade-off [11] between Oide ef-
final doublet is 6900 in the horizontal and 27000 in thdect[12,13] (vertical beam size increase due to synchrotron
vertical plane. Here, chromaticity is defined in the linearf@diation in the last quadrupoles, favoring a weak second-
collider sense as the relative spot-size increase (addedtflast quadrupole Q2) and the momentum bandwidth in
quadrature) divided by the rms energy spread. The beliae _h(_)nzontal plane (demanding a small horizontal chro-
functions at the entrance to the 5-m long final quadrupof@aticity and, thus, a strong quadrupole Q2).
are 15 km horizontally and 88 km vertically, which corre- 3 PERFORMANCE
sponds to rms beam sizes of & and 24m. This trans-
lates into a geometric acceptance of 50—&40r a perma-

Bm Lo 3

,,,,,

The geometric luminosity, without pinch, is calculated
using FFADA by tracking two random sets of particles

nent magnet with 3.3-mm bore radius and 450-14 66r h hth i tem to the int " it and
a superconducting quadrupole with 2.7 cm radial aperturé.rou_g € entire system to the interaction point, and con-
voluting them there on a grid. The luminosity so obtained

The large chromaticity of the final doublet is compensy displayed in Fig. 3 as a function of the full-width mo-

sated in the two chromatic correction sections, which fea- . N
ture an odd dispersion function as proposed by Oide [1 e_nt_um spread assuming a flat energy d_|s'Fr|but|on. For the
nticipated energy spread close to 1%, it is about 80% of

zOtglggrzgagfafgérECtzp tsr zﬁt;?:rsmcagirggr:f da T:::re%f :ﬁ%he ideal value that would be attained for a perfectly linear
wp » SEP Y P . and achromatic optics, without synchrotron radiation and
integer multiple ofr in betatron phase away from the fl_aé)errations

K: .

nal doublet. The dispersion is nonzero only at the seco :
: . ) : Figure 4 shows the dependence of the transverse rms
sextupole of each pair. This has two advantages: (1) it re-

duces the number of bending magnets and the amountscﬁOt sizes on the full energy spregiy. The vertical spot

L . . Size is about 30% larger than the ideal value, only slightly
synchrotron radiation by a factor of 2, and (2) it aVOId.Smcreasing with energy spread. The 30% blow-up is due

many of the Sth-order chromo-geometric aberrations % synchrotron radiation in the second-to-last quadrupole

ing from the chromatic breakdown of thel between the :
o : magnet Q2. For small energy spregdy the horizontal
sextupoles, which limit the momentum bandwidth. Thanks s . .
pot size is close to the ideal value. However, the latter in-

to the —I separation the |nd|V|due}I sextupo!e pairs do not cases rapidly with increasirfigy. As indicated above,
generate any 3rd-order geometric aberrations. The 2nd- : .
. . . . e strength of Q2 as well as the bending angles in CCX
order dispersion from the CCX is adjusted so as to cance ) .
. . ; -and CCY have been adjusted such that for the nominal 1%
the 2nd-order dispersion produced in the CCY. The ratig : :
. . . . . energy spread the horizontal blow up is comparable to the
of dispersion values, or, alternatively, the ratio of bendlng .
i . . rtical.
angles in CCX and CCY is thus constrained. In the presenfa 4 TOLERANCES
design the net bending angles for the dipole regionsin CCX
and CCY ares3urad and230urad, respectively. The peak Figure 5 displays jitter and drift sensitivitiese(, the in-
beta functions at the CCY sextupoles are about 1000 kmerse tolerances) for the vertical magnet position. Jitter
50 times larger than the peak beta function in the SLC fin&ensitivities refer to both the induced orbit shift at the IP,
triplet, and the maximum value of the dispersion is 0.1 mwhich could be corrected over a few pulses, and the IP spot
The initial beta functions of 65 m horizontally and 18 msijze increase. Drift sensitivies are calculated only from the
vertically are chosen equal to the beta functions at the end spot-size increase and, thus, they apply over a time in-
of the main linac. terval of several minutes, at which the spot size can be re-
In the final transformer the beta functions vary rathetuned. All numbers in the table correspond to a 2% lu-
dramatically with energy, as is illustrated in Fig. 2. Thisminosity loss per magnet. The tightest jitter tolerance is



Tolerances to magnet VERTICAL displacemedysg
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Fi_gure 3: Relative luminosity |05$ asa f_unction of the_ fU||'|:igure 5: Vertical displacement sensitivity corresponding
width energy spread for a flat distribution. The luminosz, 5 20 luminosity loss for the various magnets [3, 4]. The

ity was ca_lculated by trackmg two random distributions of || pars represent pulse-to-pulse ‘jitter’ tolerances, due to
5000 particles through the final focus to the IP and thergy, the induced IP orbit motion and IP spot-size increase.
convoluting them on a grid. The ideal reference luminosity,o open bars are ‘drift’ tolerances referring only to in-
without pinch isLg = 4.6 x 1034 cm~2s~ 1. creases in the IP beam size
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Figure 4. Relative rms spot sizes as a function of the fullz

; N ; . Figure 6: Sensitivities to a relative change in field strength
width energy spregd for afl_at d'St.r'bUt'on W'th and W'thou?or all final-focus magnets. Again, the full and open bars
synchrotronradiation. The ideal linear spot sizesiate= represent jitter and drift tolerances, respectively.

43 nm ando,o = 1.0 nm. '
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