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While it has been proposed for several yetuast

strongly asymmetric(aX >>0y) beamscan be employed
in rf photoinjectors to obtain asymmetric emittances for
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linear collider applications[1,2], it is known that the
emittances obtained directly from rf photocathgdes are
not suitably smallfor this purpose. Because ofthis,
simulational work haseenperformed in arattempt to
apply the principle of emittance compensationréoover
the small and asymmetric emittancesafter suitable
focusing and acceleration of photoinjector beamsordier
to guide this difficult three-dimensionalanalysis, we
presenthere anextension of a previous theoreticalodel

Il. ACCELERATING ASYMMETRIC BEAMS
WITH SYMMETRIC FOCUSING

We again assume laminar floand proceed bygnoring
the thermal emittance contributions to Egs. 1.3-4. Let us
define now the two quantites A=o,-0, and

Z=0,+0, .Bylinear combinations of Eq. 1ahd 1.4
we obtain, in case of symmetric rf focusify, = Q, =Q

of the emittance compensation process in axisymmetffolenoidal focusing is not relevant, asintroduces an
photoinjectors. In the extended model, we first analyze thBwanted beam rotation), the following:

general quadrupolar oscillations in a symmetric , P

acceleratingsystem, and then proceed to examine a A”+LA'+QZ%EA:0, and (2.1)
propagation mode under asymmetric focusing. Tinigle y y

is a generalization of the previouslyanalyzed

axisymmetric  invariant  envelope, allowing an Voo 'f 2

optimization of the compensation process. Design phil- Z"+Z'7+Q %H Z:|0y732' (2.2)

osophies, including rf cavity consideratiorssg included
in the discussion.

I. INTRODUCTION
The envelope equation for an axisymmetric beam is
o-” + O-l y_ + QZ

i
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wherethe perveanceKS(Z ) explicitly keeps adependence
on the longitudinal positiorf of the particular slice, so

thatkg(¢) =1(0)/2ly (1o =17 kA), and Q° =1/8+Db?.
Theinvariant envelopesolution ¢ reads[3],
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which is an exact solution of Eq. 1.1 in the lamifiaw
regime (€. &, <<OK/y ).

For an asymmetric beam the twavelope equations
for o, ando, become (Egs. 1.3-4)
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The forms of Egs. 2.1-2 are gratifyingly simple; Eq. 2.1 is
identical to that of single particle motion (no space-charge,
| =0) in this system[4], while Eq2.2 is formally
identical to Eq. 1.1 in thease oflaminar flow. Thus we
immed-iately have, by analogy to previous work[4], the
solution ofEqQ. 2.1 in terms of the initial conditions on
the envelopes,

(2.3)

A(2) = A(0) cod a(2)] +4(0) % sinfa(2)],

1, Oy(2)0 N .
where a(z)=—In Likewise, the particular
@=7 B0F P

solution for Eq. 2.2 becomea [a Ref. 3)
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which has theexpectedinvariant envelope property that
the phasespaceangle ='/% =-y'/2y, independent of
current.

As Eq. 1.7 is purely oscillatory, it iglearthat the sum
invariant envelope given by Eq. 1.8 cannotdeenposed
of invariant envelopes in both andy. To illustratethis
point, we assume the system launched atz=0 in a
nominally invariant envelope configuration, with = s,
and A'/A=0) /o, =0y/0,=-y'/2y, then the beam
envelopes are given by

(2.4)
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0 In order to achievéigh asymmetry ratios one has to
_ A_l(cos{a]—vfsin[a])ﬂ 2.6) apply some asecondorder (e. scaling as(y'/y)*)
z) A+l g defocusing force tothe horizontal plane, so that
where A= ,(0)/,(0). Q2 . -1/4. This limiting condition is in fact the

It should benotedthat Eqns. 2.5-&lescribe, in all Strength of the space charge defocusing in the cylindrically
generality, quadrupolaroscillations of intensejaminar Symmetric case; the invariant envelope is always a
relat-ivistic beams in anaccelerating system with defocusing (hyperbolic) trajectory, which is monotonically
axisymmetric applied forces. Thesg/stems include decreasingonly by virtue of adiabatic damping present
standing wave 1 01) and travelling wave (7<1) rf during acceleration. Thémit on horizontaldefocusing is

linacs, and electrostatic accelerating systems with solen eaa:(rerfor;euasltsﬂo? t:iemsito gtr;oxeIrti?gLJgggsiLn?HeiCerth;iéhe
focusing (in the rotating Larmor frame? >0, n = 0). gy P

: . to overcomethe defocusing of space charge -this
These solutions, because of there oscillatory characBer{)duces a nonlaminar condition.

obwo_qsly do _notcc_;rrespond to arinvariant env_elope Eqgs. 3.3-4 obeyo, /G, =6),/G, =~ y'/2y, implying an

condition, which is characterized by monotonically e i Fx h hich i

decreasing, well controlled size under acceleration. In fa%;‘,g e in bot b andy(—j_p ase r?paI((:je_W Ic h_leedgendeilnt

the small envelope is characterized by across-over IO cgrrg_nt. ITI'IS con r']t'og’ shou ulliébm |ﬁve or a

(nonlaminar) trajectory for large enoughhand/or y, 'ongitudinalslices in the beam, woulleezeall emittance

: . . : oscillations. In practice, however, one typicallyatohes
which violates the assumptiorieading toEgs. 2.1 and o 'hoomin an' rms sense to the invariant envelopes, and
2.2. We thus must look further, to asymmetric focusi

systems, tofind invariant envelope-like behavior forr}’% oscillations are performed - aroundthe  invariant
y ! P envelopes. These oscillatiomse described by aet of

asymmetric beams. equations of the same form and solution type as Eq. 2.1

Il. ACCELERATING BEAMS WITH " Y 2, 1 'of _
o0, + 00—+ QL += oo, =0,and (3.6
ASYMMETRIC FOCUSING: ASYMMETRIC TxTO0xy % X 4%%5 x (3.6)

INVARIANT ENVELOPES

We considemow thecase of aflat beam, for which we v 10 1 it

assume that the horizontal size is always mucHarger ooy +00y —+ §)§§+7 +—AZ%E 6o, =0,
. . y AZO 4p® iy

that the vertical sizeo, , i.e. o, >>0,, andthat the

) Y 3.7
ratio of these beam sizes is constant for some values of
external focusing strength. In thimseEqgs. 1.3and 1.4 giving oscillation frequencies again independent of current,

become, in the laminar flow regime which allows the entire ensemble of slices gerform
, = coherent oscillations in phase space. TdoBerent phase
ay +g;L+Q§%E o, = ' . and (3.1) space motion is a characteristic 0[ emittance
y y loOwy compensation, but in the highly asymmetr&%>1) case
oy ZDy'D2 | it can be seen that the two oscillatistequencies are quite
Ty +(7>/7+Qy yH o R (3-2) gifferent, a,0Q,,, a,0 i|Qx|, and unstable small

5 _ . L2 2 amplitude motion is found in the horizontal deviations.

where Qi =n/8+g, with 9:(3V /Bpy ) the  This implies that simultaneous compensation in both

normalized vertical focusing gradierassumed to arise transverse phase planes is not possible in this nvatte,

from an applied quadrupolefield. Note that thespace the horizontal emittance left uncompensated.

chargeterm on the righhand side ofEgs. 3.1-2 ignores Another characteristic ishe secular diminishing of

the (assumedmall) contribution to the sum of tHeam the phase space, and therefore emittance, oscillations. The

sizes fromg’y_ trace spacescillationsdescribed byEqgs. 3.6and 3.7 are
Liou-villian, in the sense that a constanbrmalized

emittance can be associatedth this (offset from the

origin) area.But, since thisarea is constantly moving

towards the origin as the invariant envelopgamps

Under this approximation, these twooupled equations
have exact particular invariant envelog@utionsfor o,

and 6y, as follows,

o, -2 ! , and (3.3) secularly as y 2, the projected normalized emittance
\ oni1+ 4Q§i damps by approxjmatell;his factqr[S]. It sh_ould also be
¢|(1+4QZ) notedthat the emittance ratlpredlcEed bythis model of
Gy =— 2 . \/ X/, (3.4) compensation |55X/£y Daxlay =A.
y (1+ 4Qy) loy
To be consistent with the assumption of flat beam, the IV. ASYMMETRIC ACCELERATING
asymmetry ratio, which islependenbnly on theexternal STRUCTURES
focusing, must satisfy In order toimplement this compensaticgtheme in
- ) ) an rf photoinjector we must specify the low energy section
A=0,10,=1+4Q7 /1+ 40} >>1 (35 which precedesnatching to the invariant envelopes. This
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process begins with the rf structure. We note that in a If one is willing to look beyond the near term TESLA
split photoinjector (gun plus linac[5]) that the for a highlffest Facility demands and technical limitatioagy(limits
asymmetric beam, the rf emittance associated with the exit rf power), this restriction igperhaps unnecessary,
electromagnetic kick from a cylindrically symmetrichowever. If it is relaxed, one can conceive of a more
structure would beprohibitive. Therefore, wehave elegant solution to the asymmetric beand emittance
designed an asymmetric structure, which from the point mfoblem. The main problem which is amelioratedhis
view of the beam region has ndependence of thecase isthe large verticakick at the gun exit, which is
longitudinal electric field on x, and therefore has a twice as large as in the symmetric glnecausehe field
transverse fields only in. This isaccomplished byise of fringes only in one direction. In thease of along

an H-shapedstructure, in which the central region isnjector, one does not encounter an rf emittance problem,
essentially awaveguide operated atut-off, with slit however,because¢he beam leaves the structure on the
regions (L, >>L,) for the beam holes. invariant envelop@andwith a small beam size.  Thus
This structure has been simulated using the &datro- there is no need of rf asymmetries,and no large
magnetic solvecodeGDFDIL[6], with the results of an asymmetric kick for the externguadrupolefocusing to
S-band (2856 MHz) 1.5 cell gun modeling shownFig. overcome (solenoidare forbidden because of a shearing
1. Thefield is balanced inboth cells,and has only a due to differential Ex B rotation, butquadrupoles are
0.3% variation of E, over 4 cm inX in thex-zsymmetry more difficult to work with in a compactspace).
plane. Preliminary calculationgndicate that asymmetricbeam
handling problems e(g. preservation ofsmall vertical
beam size without introducing large horizontal angles) are
indeed mitigated in this type of device.

Long photoinjectors have been developed by
LANL][7], and arenow undergoing further development,
using theplane-wave transformer[8] (PWTgoncept, at
UCLA in collaboration with DULY Research[9]. Whether
we choose to investigate asymmetric beam (f
photoinjectors in the split (asymmetric rf gun) or
integrated long photoinjector geometry dependsietailed
simulation work. The simulation of 3D self-consistent,
space-charge dominatelans-relativistic beandynamics
is difficult, but we are now pursuing two new methods of
attack: 3-D particle in cell codes (e.g. extending GDFIDL),
and 3-D Lienard-Wiechert mesh calculators[10].Both
promise great improvements inperformance over the
point-by-point PARMELA simulations we have
previously pursued[11].
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The original proposal for an asymmetric beam ar%
emit-tance photoinjector was stimulated by the prospect
eliminating the electron damping ring for TESLA
superconducting  (SC) lineacollider (LC). This
motivation is strongbecausethe emittancesare not as
small as for normal conducting (NC) lineaollider
designs. On the other hand, the daygle is veryhigh,
and so to save on rf power, only NC guns with SC linacs
(split photoinjector configuration) have been considered.
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