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Abstract

We present a new conceptual and optical design for the ~_ Fi1F 11T |

Next Linear Collider post-linac collimation system. En- ¢ o e i
ergy collimation and passive protection against off-energy s b P
beams are achieved in a system with large horizontal dis- -

persion and vertical betatron functions. Betatron collima- w1 oo
tion is performed in a relatively low-beta (FODO-like) lat-  wo| (1 (/0
tice in which only thin spoilers intercept particles nearthe ...| [ | [ /| ||
beam core, while thick absorbers maintain a large stay- ,| . [\/| |
clear from the beam. Two possible schemes for the spoil- .| /1| 1} WO
ers are considered: one in which the spoilers are capable of _ | /| VLV VY
tolerating a certain number of damaging interceptions per ’ ' '
collider run ("consumable” spoilers), and one in which the . R R Y A Y O ‘
spoilers are potentially damaged on every machine pulse — ° = ™ = amake zmh e

s(m
5d poc = 0

and are self-repairing ("renewable” spoilers). The colli- Tottermne= s

mation efficiency of the system is evaluated, considerin&igure 1: Optical functions of 1996 NLC post-linac colli-
both halo particles which are rescattered into the beam a ation system

muon secondaries which are passed to the interaction re-
gion. We conclude that the new design is a promising carwas driven primarily by the machine protection require-
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didate for the NLC post-linac system. ment that a single bunch train (80 kJ at 500 GeV per beam)
at nominal emittancesy¢,, = (4 x 0.06) mm.mrad)
1 INTRODUCTION should not be able to damage the collimators. This re-

i _ . . quired a scheme of optically-thin spoilers and thick ab-
The experience of the Stanford Linear Collider (SLC) in-gorhers in each plane, large betatron functions, and strong
dicates that collimation of the beam halo at the end of thg s which in turn introduced difficulties due to nonlin-

main_linacs of the !\Iext Lingar Collider (NLC) will be a Ne- earities and wakefields.
cessity. The principal requirements on the NLC post-linac te gifficulties envisioned in the operation of the colli-
collimation system are as follows: mation system led to reconsideration of the design assump-

e The system should stop particles which would gentions and a new conceptual design.

erate unacceptable backgrounds in the detector from
entering the final focus 2 DESIGN ASSUMPTIONS

e The collimation efficiency should be sufficiently high The design of the post-linac collimation system is most
that the number of halo particles which are transmitte§trongly governed by the expected properties of large ex-
to the final focus is Comparab|e to the number geneﬁUrSionS which can impaCt the collimators. PreViOUSly
ated by beam-gas and thermal-photon scattering frofh had been assumed that neither energy nor betatron ex-
the collimation region and the final focus cursions could be trapped aCtively in the NLC due to its

low repetition rate (120 linac pulses per second). A re-

e The number of muon secondaries from the collimatiorexamination of the SLC operational history, as well as that
system which reach the detector must be minimized of other accelerators, indicated that failures which could

. ) I . f inter-pul ron illation of the requir
e The optical and wakefield dilutions of the beam emlt_causea ast (inter-pulse) betatron oscillation of the required

S magnitude were either rare or could be eliminated by de-
tances due to the collimation system must be small sign, while pulse-to-pulse energy variations of the required
e The system must protect the final focus and the dete&d@gnitude cannot be ruled out for a linac.

tor from beams which have large energy or betatron The expected charge of the beam halo was originally
excursions without being destroyed in the process. 10"’ particles per linac pulse (1% of the beam), based

on early SLC experience. Later SLC experience showed

The 1996 NLC design included a post-linac collima-that the halo could be reduced substantially through care-
tion system shown in Figure 1 [1]. The system desigrul tuning of the injection (damping ring and compressor)

“Work supported by U.S. Department of Energy, Contract DE-AC038YStéms. In the present NLC design a collimation system
76SF00515 downstream of the damping ring and first bunch compres-

268 Proceedings of EPAC 2000, Vienna, Austria



sor is expected to dramatically reduce the halo intensity at The jitter amplification effect of collimator wakefields
the end of the main linac. The present estimate of the halmust be minimized at all points in the collimation system.
is 107 particles per pulse; we have chosen to design fdin the energy collimation region, the ratig./3, is large
a safety factor of 100 over this estimate. This reductiomnd thus the collimator wakefields primarily couple energy
eliminates the requirements for water cooling in the spoilgjitter into horizontal position jitter. This aberration is can-
elements and eases the tolerances on muon generation. celled by placing a second spoiler-absorber pair at a loca-
tion which is—1 in betatron optics from the first pair but
3 NEW COLLIMATION SYSTEM with equal dispersion fu_nctions. The cancellation is qply
OPTICS exact for on-energy partlcles_,, but th_t_a expected energy jitter
of 0.22% only causes a horizontal jitter of 0.5%cw0f. A

Figure 2 shows the optical functions of the new post-lina§imilar effectis caused by high-order dispersion, but the ef-

collimation lattice. The energy and betatron collimators aréECt is approximately 1/3 as large as the residual wakefield
separated, with the former preceding the latter. jitter contribution.

| ! | | |
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Because large betatron oscillations are not expected to de-

_ oo velop during one inter-pulse period, it is expected that the
BUEE ' betatron collimators will rarely be hit by the beam core.
BRIV VA o The baseline design for the betatron collimation system,
*1 - ‘g which is the system pictured in Figure 2, utilizes “con-
o | L ‘3 [ sumable” spoilers, in which the spoilers can be moved to
o] L ! present a fresh surface to the beam after every incident of

beam-core interception; we assume that 1,000 such inci-

, ; VAV VAV dents can occur per year of operation. An alternative de-

B TR TR T T Tl sign would permit damage on every pulse and require that
reterame= s the collimators be self-repairing, “renewable” collimators.
While more techincally challenging, the renewable colli-

mators would permit smaller apertures to be used, which in

I_:lgure 22 Optlcal functions of proposed new NLC IOOSt'turn would permit smaller betatron functions.
linac collimation system.

The system in Figure 2 is based on a triplet lattice with
phase advances af/2 and3x /2 per cell in horizontal and
) . vertical, respectively. Thus the system collimates in two
3.1 Energy Collimation phases, two planes, two iterations per phase/plane. Each

The energy collimation section achieves passive protectigHgh-beta region in the system contains 2 adjustable spoil-
against off-energy pulses through a 0.5 radiation lengtfrS ¢ andy) and 2 fixed cylindrical absorbers. Multiple
(R.L.) spoiler and a 20 R.L. absorber separated by appro@ulomb scattering in the spoilers gives the halo a large
imately 30 meters. The first few R.L. of the absorber ar@ngular divergence, which causes particles to hit the ab-
titanium, for which the RMS beam size, = /7,0, Sorbersinthe nextcell
must be larger than 560m to ensure survival [2]. Beams  The required collimation aperture is set by acceptable
which pass through the spoiler will develop RMS scatlimits on synchrotron radiation in the final doublet. Based
tering angles of 1Quradians in horizontal and vertical; on studies of the 1996 final focus [4], the nominal spoiler
combined with the dispersive beam size at the absorbbalf-gaps are approximately 2Q0n for 500 GeV beams.
(nos = 500um), the expected size of a beam at the abThe fixed absorbers have a round aperture with a radius
sorber which first passes through the spoiler is 660 of 1 mm. Spoilers and absorbers are 0.5 and 20.0 R.L.,
Survival of the 0.5 R.L. spoiler is also a considerationrespectively.
At the spoiler location in the energy collimation region, The vertical jitter amplification factor for the betatron
o, = 89um. For the NLC bunch train at 500 GeV per collimation system is 46%, smaller than the 66% expected
beam, the minimum beam size for survival of a 0.5 R.Lfor the 1996 design. For the expected incoming jiter (0.375
beryllium spoiler is approximately 50m, thus we have ¢,), the collimators contribute 0.1, jitter in quadrature
chosen beryllium as the material for the spoilers [3]. with the incoming jitter. These estimates are based on ana-
The collimation depth in energy should be narrower thatytic models for collimators with a taper and a large/y
the bandpass over which beams are well-behaved in the fispect ratio [5]; however, recent experiments indicate that
nal focus. The present system is designed to rerdolM®  the actual wakefield effect may be smaller than this [6].
off-energy particles, which requires a half-gap of 1.3 mnThe horizontal jitter amplification is expected to be about
for the spoilers and 2.0 mm for the absorbers. half that of the vertical.
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4 SCATTERING STUDIES km per side compared to 5.2 km per side), which puts all
sources of muons closer to the IP. In the present design, we

The _eff|C|ency of prlmary-pamcle cplhmatlon and the PrO%include two large magnetized toroids for muon attenuation
duction of muons which are transmitted to the IP were stchO

ied usi binati ¢ TURTLE. EGS. and MUCUS 5n each side of the IP; despite this, we expect on the order
Iéd using a com Ination o . ’ » an of several hundred muons per linac pulse to enter the muon
(MUItiple CoUlomb Scattering program).

endcap of a detector similar to the “LCD Large” design
. . [7], as well as tens of muons per linac pulse in the elec-
4.1 Primary Particles tromagnetic calorimeter. These studies were performed for

Figure 3 shows the halo attenuation based on tracking 00 GeV beams; for 250 GeV beams, 2 orders of magni-
2 million halo particles which originate at a point on onefude improvement are expected. The muon rate can also
collimator. Figure 3 (a) shows the attenuation for particle§® reduced by adding additional spoilers, reducing the halo
240 um from the beam axis at each of the first 4 spoil-Nte€NSity, or constructing a smaller detector (such as “LCD
ers (2 vertical, 2 horizontal); the attenuation is shown fopmall"). Since the 500 GeV center-of-mass (CM) results
cases in which off-energy primary particles are collimated'® quite acceptable, a reasonable approach to the muon
downstream of the collimation system (eliminating parti-Situation might be to build the system with 2 muon toroids
cles which are more than 2% off-energy), and cases wittind spaces allocated for additional toroids, to be added in
out downstream energy attenuation. The attenuation is tyf2ter years if required.

ically betweerf).6 x 10~5 and8 x 105, while the desired
value is0.1 x 10~5. Figure 3 (b) shows the attenuatonas 5 CONCLUSIONSAND FUTURE

a function of source offset for the first spoiler. DIRECTIONS
‘ ‘ ‘ ‘ We have presented an optics design for the Next Linear
) @ Collider post-linac collimation system which addresses the
. . : . ] difficulties in the previous system design. The new system

has weaker optics, looser tolerances, larger bandwidth, and
better wakefield properties than the original. The new sys-
tem is somewhat poorer than desired in the areas of halo
0 i : s ‘ : attenuation and muon production; future work will seek to
o address this weakness..

The present energy collimator includes a 5 milliradian
arc, which changes the angle between the linac and the final
focus. Recent developments in final focus design have ex-
panded the potential energy reach of the NLC [8]; in order
to take full advantage of this change, we plan to redesign
A . - . - - J the collimation system to either a dogleg or a chicane, such

Source Offst, micrometers that the post-linac system and the linac are co-linear and the
former can be expanded by “pushing back” into the latter
when the linac gradient and energy are increased.
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Figure 3: Collimation efficiency of betatron collimation

system. (a): attenuation for firgt first z, secondy, sec-

ondz spoiler, respectively, both with (circles) and without

(crosses) final energy collimation; solid line shows the de- ACKNOWLEDGEMENTS

sired attenuation. (b): Attenuation as a function of primaryrhis work would not have been possible without the
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