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Abstract a’@)=[p" +(NX -2p)d° +d°]a’

Dynamic focusing refers to the use sgcondary beams Where A =1,/ 3, is the demagnification to the beam lens.
to form final-focus lenses for the primary higinergy If A <4/2p, a condition easily satisfied, tisecondorder

beams of linear colliders. In double dynarfecusing an ormind =5/ (1+3) is actually negative. Underthese
initial lens-lens beam collision focuses the lens beams fgfrcumstanceshe bandpass ofthe system is given by

their collision with the primary beam. Thipaper —, . . e
describesthe techniques for the formation of a uniform 6" <p, which for a typical demagnification at/400

lens shape from an initial Gaussian shape, nixgesary 9ives o <1/20, implying a huge momentum bandpass.
main- and lens-beam parameternd their scaling, and : .

requirements for a 1 TeV c.m. applicatioAdvantages of 1.3 Double dynamic focusing
this scheme includethe complete elimination of the o __ - Q
conventional final focusand collimation systems, _
elimination of beamline elements within tdetector, and —-—-—
the promise of looser main-beam linac alignmengrgy
spread and ground motion tolerances.

1 INTRODUCTION

9-98
8312A14

Figure 2. An overview showing the trajectories of feas
. . beams and main beams. There are tle@bsions: lens-lens,
1.1 Motivation 2 lens-main and the final main-main. This figure atémws

Our original motivation was aearchfor a viable final the “crabbing” of the beams and the fact that all beams lie on
9 a common line as they traverse the IP.

focus system for linear colliders above 1.5 TeV cm. Now

our motivation is the complete elimination of tfiral

focus and collimation systems and reduction of

backgrounds qnd cost in all future colliders, including thg_ . .. ti-bunch beams, @mon-zerocrossing angle is

next linear collider (NLC) [1]. required. Crab cavities are used to twist the bunch so that

1.2 A simple large momentum-bandpassthey pass through each other abéhd-onand bycontrol

focusing system of their relative phases, thgylacethe bunches along a
common transversely-moving line.

0 2 The two lens beams mustecessarily collidebefore

| ‘ their interaction with the main beam. This collision can

, be put to advantage for either aligning the lens bunches or

N E‘R_,D to completely focus the lens beam. It is the lat@se

Figure 2 shows apverview ofthe incoming lens and
main beams.Becauseroom-temperature collidersnust

\ / ° which we refer to as double dynamic focusing.
Convlvjagéignal Eg;rr:]d BearPMLens o-08
f1 2 LINEAR COLLIDER IP
PARAMETERS

Figure 1. A schematic of a simple final focus systemvedy ) ) .
strong lens isplaced 1 cm from the IPThetotal length is  With dynamicfocusing, arguments for the flateam
about 4 m. geometry are all but eliminated. Round bearesfavored

becausethey require lower main-beam bunctcharge

We will use asecondanbeam tocreate asmall strong (facilitating a lower lens-beam energy) and have a larger IP
lens about 1 cm from the IP [2, 3]. Figure 1 shows theertical sizeandB-function. Presumably, for mairinac
full system, with final conventionatjuadsoutside the efficiency, main-beam current is hetnstant. Alower
detector at a distancé, > 4m. If the focal length, f,, of ~short-range wakefield is advantageoumit long-range
the conventiauads ischosenequal tol,, andthe focal ~Wakes could be worse. Damping ring rf desigrchanged
length of the beam lensf,, is chosen so that a ray dramatically. At 1 TeV cmwith n, =1, round IP

originating at the conventiajuad isfocused tothe IP, parameters ar&l = 0.7 10°, ¢ =12nm and g, = 60um.
then the final spot size demagnificatiorpis " /1,, and

"Work supported by the Department of Energy, contract DE-ACO03-
76SF00515.
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3 DYNAMIC FOCUSING 3.3 Pinch effect

PARAMETERS Figure 5 shows the lens beam colliding with the main

beam. Each beam focuses the otirathe ratio of the
focal lengths is the beam-power ratio:
For acharge Ny in a uniform disk ofradius R, the  f, / f, =(¥N),, / (¥ N),. The focusing of the leriseam
o 1 ZNQfe ) . will cause a change in its focal length for the latter part of
focal length is given byl—* ‘m' This condition  the main beam. This is improved kyrangingthat the
M lens beams diverge when they meet the main beams. See

3.1 Lens beam charge per bunch

; N Ré (V 5) Fig. 6. Ignoring effects of disruption, the luminosity loss
ields N =N —— whee N, =—%¢&  and T . ’ .
4 Q % 207, % r, ¢ due to the change in focal length is about
I AL 10 o d

& = — is the inverse demagnification from the beam lens— = — 0.
f; L 120 5{ s

to the IP. Since the fraction of the main beam not

incident on the wuniform disk is given by Rg=0.75 um
AN/ N =exp[-R /20,], the exponent will licoetween Lens . ~0.6pum
3 and 4 Main
opm=0.3 um
3.2 Uniform lens distributions — 20 pr P
B Modute 71 ] e | fo f =97 ‘

Figure 5. Thelens beam, moving to the left, is pinched by
the main beam moving to the right.
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Figure 3. A module for inserting an octupole in a beamline. INREs 74
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uniform disk region I3
o4 N O'Bjc’g Figure 6. A lens beam which is diverging when it meets the

S.ab Jdos 3 main beam will reduce the pinch effect.
02— —o0.4 E
[

Particle s 3.4 Parameter summary
01— /distribulion o2 2
o ! i | | | Ly Figure 7 summarizes the relationships of paeameters

o0 v VO in this problem. ¢, = \/120(aL/ L), comes from the

Figure 4. An example of a particle distributiandits focal ~ Pinch-lossequationand ., the number of chosen for

length function achieved with a 3-octupole system. 85% ahe focal length of the lens-lens collisiorgquals 1 for
the distribution is accurately focused. double dynamidocusingand 2for self alignment. A
) o ) possible parameter choice for 1 TeV cm &E30,

A Gaussian dlstr_lbut|0|_1 can be made aIn_"nost uniform byM Iy =100, D=0.9,andH=3] lies very close to the
using 3 octupoles in 3 similar moduléseeFig. 3), each dQ o N
rotated by 60degreesfrom the previous module. An Zero 2°order chromaticity condition.
example of a distribution achieved in this way is shown in These parameterelationships scale well to higher
Fig. 4. The lens-lens collisiokan furtherreduce the energiesanddynamicfocusingappearsviable up to 10
population in the tails for the main-lens collision. TeVcm. Atl TeV cm it may be possible to put the lens
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beam in a storage ring. At highenergies amodified P

scheme including a linac will be necessary. See Fig. 8. /L“ﬁl’/' %
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Figure 7. Alog-scalediagram showing theelationship of
the parameters in a “double” dynamic focusing system. See
text.
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4 OPTICAL BENCH CONDITIONS

etee™

4.1 Jitter

In addition to auniform lens profile, it iscrucial to
have small beam jitter because the lens position 26ev €
determineghe focal point for the main beam. With the &%, i e

demagnifications assumed, the inter-bunch lens-beam jitter

would have to be 1% for the self-aligningseand0.1% ) )

for double dynamic focusing. 1% is the ZDR Figure 8. Apo§S|bIe geqmetry for the _Iens-_beasystem.
. _— Thelens beam is stored in a @eV damping ring between

speplflcatlon for the NLC damplnglng, and appears collisions, accelerated to theequiredcollision energy,then

achlevable._ 0.1% probablequires afeed?forw_ardloop decelerated ande-injected into the damping ring. #ed-

after extraction from the lens-beam damping ring. Such¢gyard scheme removes bunch to bunch jitter.

scheme idndicated infig. 8. The main obstacle is the

short inter-bunch spacing, presumablySaband orless. 6 ACKNOWLEDGMENTS
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Crab cavity phaséoleranceare an order ofmagnitude g P

tighter with round beam parameterthe relative phases REFERENCES
should drift no further than 0.01 degrees X-bafystems
for evaluating the feasibility of thisoleranceare being
developed.
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