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Abstract will, in addition, compare the numerical results to a high-

Using two frequency domain and one time domain nume{fequency analytical formula due to Gluckstern[5]. Note

ical approaches, we calculate the short-range longitudi hIat we designate the three numerical methods as, respec-
pp ) 9 9 r:&?vely, the frequency domain (FD), the complex frequency

wakefield of the NLC linac accelerating structure, and fin domain (CFD), and the time domain (TD) approach.

that the results agree to 5%. In addition we obtain, : . :

e ; In this report we will also perform parameter studies for
through fitting, a simple formula for the short-range wake- S . .
. . . .~ “aperiodic structure, to obtain a simple formula for the wake
field of a linac structure that can be useful in designin

linear colliders. Finally, we demonstrate that for the NL at. may be useful in designing a Imgar coIthr. Finally,
. . again using the example of the NLC linac cavity, we study
linac cavity the effects on the short-range wake of end cor): . -
. . . . the effects of the rounding of the irises, and the effects of
ditions, tapering, and rounding of the irises are small. L SR
non-periodic features, such as the variation in cell geome-

try, and the end conditions.
1 INTRODUCTION

In the Next Linear Collider (NLC)[1] trains of short, in- 2 FREQUENCY DOMAIN METHODS

tense bunches are acceleratectigh the linac on their 1o N ¢ accelerating cavity is a 206 cell damped, detuned

way to the collision point. In the linac the transverse mOde§tructure (DDS) operating at 11.4 GHz. It is a disk-loaded
of the accelerating c@ies will be damped and detuned structure, with constant periall (= 8.75 mm), and grad-

to co.nt.rol long-range wakefield effects'. The dominantua”y varying gapg and minimum iris radius: (the iris
remaining current-dependent effects will be those due ges are rounded). In the version named DDS1, for ex-

the short-range wakefields. A calculation of short-ranggnie the change infollows a Gaussian distributionwith

wakefields in the NLC linac structure has been given in <> 5o truncated at2c andg varies from 7.75 mm to
Ref. [2]. However, due to the difficulty in obtaining theseg 75 mm  The middle cell has dimensions 4.724 mm

functions accurately to the very short distances requiredgndg — 795 mm. Note that since the NLC linac bunch
or equiva!ently, the im.p.ed'ance.zs to the very high frequeqéngth is very small (with rms, = 0.1 mm), the bunch
cies required—we rey|5|t in this report the earller resultSggagn only the irises, and the outer cavity shape plays no
and compare them with those of'other cf';\lculatlon methodﬁﬂe in the wakefield. Let us begin by considering a purely
For our purposes an accelerating cavity of the NLC I'”aﬁeriodic model of an NLC cavity. We choose the same

can be modeled by a periodic structure. For a periodi¢,qdel as was used in Ref. [d]e. one with squared, not
structure at high frequencies, the real part of the longitys nded. iris edges, and with dimensians= 4.924 mm
dinal impedance varies as 3/ and the imaginary part g = 6.89 mm, andZ = 8.75 mm.

asw™1[3, 4, 5]; correspondingly, the wakefield at the ori-

: : According to the FD method, the wave numbéggsand
gin W (0 Zoe/(ma?)[5], with Zo 3702 anda the

et , . ; 1) the loss factors:,, for a few hundred modes are obtained
iris radius, and for short distancesiV (s) ~ s - T0 by field matching, and the high frequency dependence of

obtain the short range wakefields of a periodic structurg,q impedance is given by the optical resonator model. The
according to the method used in Ref. [2] (see also[6]), thg,y part of the impedance becomes

impedance is first obtained over a finite frequency range
through field matching. The high frequency portion is

-2
taken to be given by the so-called Sessler-Vaynstein optical R, = Z T 3k —kn) + QZOng X QD
resonator model[3], a model that asymptotically satisfies n=1 € mL¢
the appropriate power law. The resulting function is then vy +1
Fourier transformed to obtain the short-range wakefield. x me(k —ky) k>0,

In this report a second method[7] will be applied to the

problem, one that uses a similar approach, though withith jo; = 2.41, ¢ = 0.824, v = 4a%k/(L¢?), with ¢ the

the impedance calculated along a path slightly shifted frospeed of lightand. = \/Lg; ©(z) = 0 for =z < 0, 1 for

the real frequency axis. This impedance function is much > 0. The resonator model combines the power spectrum
smoother: it is easier to study its asymptotic behavior anat the iris edge in the primary field of the beam with diffrac-

easier to Fourier transform. A third method[8], one thation at the edges of a periodic array of thin, circular mirrors.

uses direct, time domain integration to obtain the wakdt is a simple model but it has been observed to agree well
field is also applied. This method has the advantage @fith numerical results. The real part of the impedance of
being able to find wakes of non-periodic structures. Weur model as obtained by the FD method, with 270 modes
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averaged over frequency bins, is given by the histogram @.1  Longitudinal Wakefield
Fig. 1. The optical resonator asymptote is given by a dott

4l the FD method the short-range longitudinal wakefiel
curve. We see that at higher frequencies the two agree. the method the short-range longitudinal wakefield

Wy (s) is obtained by inverse Fourier transforming the
impedance. The same is true in the CFD method, ex-

4 L
10 ETTTT T T T T 2 cept that the result must also be multiplied by the factor
E Ty 1 exp(krs). The results are shown in Fig. 2. There is about
103 optical -1 a6% disagreement between the two results. One check is
[esenator model © thatWy(0) should equaly/(ma®). The result of the FD
2 102 - 1 method is 6% low, that of the CFD method is 1% low.
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Figure 1: Ry, when averaged over bins, as given by the s (mm)

FD method (histogram)®; and X as given by the CFD i oo )
method (solid lines) and by Eq. 2 with= 0.5 (dashes). Figure 2: The wakefield of our periodic model, as obtained
by different frequency domain methods.

The CFD method also finds the impedance by field \ye inverse Fourier transform Eq. 2 we obtain a predic-
mgtchlng, 'but along a path sllght'ly sh'lfted off the réal ion for the very short-range wakefield:
axis. In Fig. 1 the real ;) and imaginary §;) parts
of the impedanceZ;,, as obtained by this method, when Zoc (27Ta2L28) (aL /27T8)

> . L ——exp| ———— |erfc | —y/— ) [ssmdll .

kr =1 k) = 0.2 mm~!, are shown (the solid curves). ma? azg
We note that the impedance is a relatively smooth function
(instead of a sum of delta functions as before), and that tfigom Fig. 1, by gauging where the asymptotic region be-
results agree well with those of the FD method and with th@ins, we expect Eq. 3 to be valid fer< .1 mm. Eq. 3 for
optical resonator model. Note that with the CFD methogt = .5 and .7 (our numerical result) are plotted in Fig. 2.
we can accurately go to much higher frequencies than b¥/e see that the latter curve agrees reasonably well with the
fore, and can therefore better study the asymptotic behavid¢merically obtained wakes, even fop> 0.5 mm.
of the impedance.

Gluckstern gives the high frequency behavior of th&.-2 Parameter Study

impedance of a periodic structure as[s]: For designing linear colliders it would be useful to have a
. simple approximate formula for the short-range wakefield

oL /o \? of a periodic structure that is valid, say, ups6l. = .15

M )— (k_) [k large] , (s = 1.3 mm for the NLC), over possible valuesofndg.

g . .

) For this purpose we repeat the CFD calculation for param-

eters in the regio34 < a/L < .69and.54 < ¢/ L < .89.

Anticipating the functional form

YA
I~ ——
L™ rka?

with the parametenr = 1. We believe, however, that
is a function weakly dependent gif L, that approaches
0.46 asy — L (the derivation will be presented in a later _ Zoc s
report). Note that this is the same numerical factor that has Wi = ra? P ( 5/50) ' )
been obtained by Stupakov for an array of thin irises[9)we plot in the left frame of Fig. 3 the values af fitted to

Eq. 2 witha = 0.5 is shown in Fig. 1 by the two dashed the numerical results (the plotting symbols). We find the
curves. With the CFD method, to obtain an asymptote Wgata is reasonably well reproduced by taking

fit at largek to Zp = A/(—ik)/(H B/(—ik)'/?) (the s 1

dots at the extreme right in Fig. 1). We note that at high so= 04199 ()
frequencies the imaginary part agrees well with the analytic L2

result, whereas the real part, which is due to the secorfthe dashes in the figure). In the right frame we plot the
order term, has the same dependence but is 40% higheskes and the model result for four examples at the cor-
(equivalent tor = .70 & .05), a discrepancy which is not ners of our parameter plane. Note that a similar, though
understood. different, wakefield model has been proposed in Ref. [10].
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shown[4, 5, 11] that for a finite number of cells greater than
a certain critical numben,,;; > a?/(2Lc.) the average
wake per cell of the finite structure agrees to within a few
percent with that of the periodic structure. In our case this
corresponds to only 14 cells (out of 206), so this should not
be a significant effect. We can also estimate the effect of
the tapering on the wakefield. For example, let us consider
the effect onk;.:, which for the short NLC bunch scales
~ a~2. If we integrate this scaling over the Gaussian dis-
tribution in «, we find that over a whole cavity (assuming
we can ignore the transient&).;) = reoe(a)(H o2),
with a the average iris radius amdthe rms of the distribu-
tionin a (= 2.5%). That is, the expected result is nearly

the same as for a periodic structure with dimensicn a.
3 TIME DOMAIN CALCULATIONS We have performed a TD calculation for an entire, ta-

The TD method that we employ uses direct time domain ir2€red DDS1 cavity, once with squared irises and once with
tegration of Maxwell's equations to obtain the wakefield. [fn€ actual (rounded) iris shapes (see Fig. 4). Compar-
uses an implicit method to solve finite difference equationdd 10Ss factors, we obtain, for the squared irises; =
taking care to avoid dispersive errors that tend to occur 7 V/PC/m, which is 13% larger than for the periodic
mesh-based programs at high frequencies. The progréPrPdeL However, remgmber that in the.perlodlc model
finds the wake of a bunch distribution (typically a Gaus® = 4924 mm, which is 4% larger than in the actual
sian), ;. It has been used successfully for cases witRtructure, so considering the* scaling of the wakefield
extremely small bunch lengths, such as in TESLA-FELthere is only a 5% discrepancy unaccounted for, which
wheree, /a ~ 10-3[8]. The bunch wake is connected tocould be due to the end conditions and/or the tapering.
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Figure 3: Results of our parameter study.

W7, through Finally, for the actual DDS1 geometrie. with rounded
- irises, we obtaim,,; =601 V/pC/m, a 3% smaller result.

Wy (s) = _/ WL(s)A(s — ') ds’ (6) We conclude that for the NLC parameters, neither the

0 end effects, nor the tapering, nor the rounding of the irises

with A(s) the charge distribution. In our simulations wen@ve much effect on the wakefield. More in particular,
will use the nominal NLC bunch length, = 0.1 mm. we also conclude that the longitudinal wakefield obtained

First, for our periodic example we let the bunch continuérough the FD method in Ref. [2], and meant to represent
through identical cells until the wake per cell no longefh® DDS1 structure, is 15% low, 8% of which is due to not
changes. The result of the TD simulation is given in Fig. 47aving used the average cell geometry in the calculation.
and compared with that of the CFD method, after it has
been convolved according to Eq. 6 (the dashes). The re-
sults are almost identical. When comparing total loss fa?i]
torsk:,: the results for the TD, CFD, and FD methods are,
respectively, 545, 547, and 512 VV/pC/m.
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