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Abstract The TESLA positron injector linac with a L-band TW normal conducting structure has been studied, which offers both
higher shunt impedance and larger aperture. Main parameters of this injector linac have been designed by systematical beam model-
ing, and a satisfactory positron beam transmission and the beam performance at the output of the injector linac have been obtained.
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1 Introduction

TESLA is one of the proposed future linear colliders,
which employs the superconducting acceleration structure in
L-band for its many advantages (Uits positron injector linact?!,
however, should be made by the normal conducting structure
to avoid its operation unreliability caused by a great amount of
the lost positrons and electrons from the positron source. A
design goal of an accelerating structure is usually to have high
shunt impedance for high accelerating efficiency, and to have
a large acceptance as well for a high beam transmission, par-
ticularly for a positron injector linac with large initial beam
emittance and transverse momentum. Usually a structure in 1~
band has lower shunt impedance but larger aperture than that
in S-Band. To have both higher shunt impedance and larger
aperture in a l-band structure, a marvelous design study has
been made [*'The design strategy is to adopt a modified cup-
like disc-loaded structure with optimum structure geometry and
by changing the iris thickness cell-by-cell in an accelerating
section. As a possible positron injector linac for TESLA, its
main parameters have been designed by systematical beam
modeling, including the phasing, the optimized solenoid fo-

cusing field, the space charge and the beam loading effects.
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Finally a satisfactory positron beam transmission and the beam
performance at the output of the injector linac have been ob-

tained.

2 Modified cup-like disc-loaded structure

A constant gradient TW structure with 27t/3 operating
mode was chosen for the structure to have a uniform power
dissipation along the structure and a high accelerating effi-
ciency. Given a frequency, for instance fy=1.3 GHz, in or-
der to have a reasonable shunt impedance Z,, iris radius a
and accelerating section length L., one has first to choose an
attenuation constant 7y, which defines the ratio of the output
to the input power of the structure, and the power loss per
unit length in the structure:

P.

Pou= Pyre™™, L= (1_o0).

out

It is clear that the larger 74, the smaller the output pow-
er and hence the higher the power ratio. On the other hand, a
smaller 7, gives a larger group velocity V, of the structure,
and hence gives a larger iris radius, (since Vyec a®), and a
larger transverse acceptance. A 7y of 0.55 is a good compro-
mise as will be seen later.

Based on the “cup-like” cell structure as used in the de-
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sign of the S-Band Linear Collider ( SBLC) [,4]which has the
advantages of precise manufacturing and high shunt-
impedance, we modified it so that each cell consists of “two
half-cups”, as shown in Fig.1. There are two outer-curves
with a radius R, for each iris to further increase the shunt-
impedance. In addition, we changed the iris thickness cell-
by-cell, to obtain a larger iris radius while keeping the shunt
impedance higher. The optimum cell geometry and its EM

[5]

performance, calculated with MAFIA code™', are listed in

MAFIA

12

!

Table 1.
Fig.1. A modified cup-like disc-loaded structure.
Table 1. The optimum geometry and its EM performance.

# cell a/mm b/mm t/mm Ve Q Z./(MQ/m)
01 17.612 93.188 12.00 0.00301 2.259 x10* 51.20
02 17.486 93.182 12.15 0.00287 2.256 x 10* 51.20
03 17.360 93.176 12.30 0.00273 2.252 % 10* 51.19
04 17.234 93.170 12.45 0.00259 2.249 x 10 51.18
05 17.107 93.165 12.60 0.00247 2.246 x 10* 51.18
06 16.981 93.160 12.75 0.00234 2.242 x 10* 51.14
07 16.855 93.156 12.90 0.00223 2.239 x 1¢° 51.14
08 16.729 93.152 13.05 0.00211 2.236 x 10 51.14
09 16.603 93.148 13.20 0.00200 2.232 % 10* 51.10
10 16.477 93.144 13.35 0.00190 2.229 x 1¢° 51.09
11 16.351 93.140 13.50 0.00180 2.226 x 1¢° 51.07
12 16.224 93.137 13.65 0.00170 2.222 x 10* 51.03
13 16.098 93.134 13.80 0.00161 2.219 % 10* 51.02
14 15.972 93.131 13.95 0.00152 2.215 x 1¢° 50.98
15 15.846 93.129 14.10 0.00144 2.212 x 10* 50.95
16 15.720 93.127 14.25 0.00135 2.209 x 10* 50.93
17 15.594 93.125 14.40 0.00128 2.205 x 1¢° 50.89
18 15.467 93.123 14.55 0.00120 2.202 x 10* 50.86
19 15.341 93.121 14.70 0.00113 2.198 x 10* 50.81
20 15.215 93.120 14.85 0.00107 2.195 x 1¢° 50.79
21 15.089 93.119 15.00 0.00100 2.191 x 1¢° 50.79

In each cell of the above table, Ry = 25mm and R, =4.75mm are chosen.

The advantages of the designed structure are summa-
rized as follows:
(1) It is a constant gradient structure and also an almost
constant impedance structure.
(2) It has a high shunt-impedance Z, > 50 M{Q/m,
which is close to the values for the normal S-band structure.

(3) It has a large iris diameter of 35.2—30.2mm.

(4) Tt has a thick iris of 12—15mm, so the cooling
channel can directly pass through the inside of the iris, to
have a high cooling efficiency. This is very important in the
case of high gradient and high duty cycle.

(5) The maximum surface electric field (at the radius

R,) in a cell is a factor of 1.98 of the averaged longitudinal

electric field on the axis. That is acceptable to avoid the RF
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breakdown.

A higher gradient ( >20 MV/m) is possible to be cho-
sen for this structure. However, considering the I-band
klystron with 10 MW output for instance, which is developed
at DESY for the TESLA super-conducting main linacs, an ac-
celerating gradient of 12 MV/m is adopted for the positron in-
jector linac. With the shunt-impedance of 50 M{»/m, a sec-
tion length L, =7 A =1.61427 m is preferred. Therefore
each section consists of 21 cells. The average energy gain of
the positron beam per section is about 19.4 MeV, the pulse
RF power for the structure is about 6. 97MW per section.
Having 12 sections for the injector, it offers a final average
energy of about 250MeV at the exit, in which the initial aver-
age beam energy of 15MeV at the injector input is included.
The positron beam power exiracted from a section is about
0.65MW, hence the total power needed for a section is about
7.62MW, and one has about 20% 1f in reserve for beam

loading compensations .

3 Modeling of positron beam dynamics

3.1 Positron beam parameters at the input of the
injector linac

The TESLA positron source'®”) had been designed by
using the spent electron beam (250 GeV, after collision at
the interaction point) to produce a positron beam, by passing
the spent electron beam through a wiggler to produce pho-
tons, which will hit a thin target to yield the positron. This
positron source is expected to have a higher positron yield and
is much more complicated than a conventional concept of hit-
ting a primary electron beam with an energy of a few GeV onto
a thick target. Further design studies on the conventional
positron source for the linear collider are underway. As an
example of a L-band TW positron injector linac design, here
we just use the available positron data from the TESLA de-
signed source. However the design principle of the positron
injector linac described here could be a good reference for
others with the conventional positron source.

Due to the large transverse momentum and emittance of
the positrons at the target, an Adiabatic Matching Device
(AMD) had been designed, which immediately follows the
target to realize a phase-space transformation. At the exit of
the AMDIS!, i. e. at the input of the injector; (1) a large
electric charge, the number of positrons per RF pulse is >

2.8 x 10", The parasitic electron yield at the target is about
a factor of 1.65 higher than the positron yield, due to the
ionization; (2) a small spatial spot of about 10 mm, but with
a large transverse momentum and large normalized emittance
(>5.0x1072m ); and (3) a large energy spread of 2—60
MeV. The energy domain is 5—25 MeV and the average en-
ergy of the positron beam is about 15MeV. The positron
bunch length is about +20ps. The transverse and longitudi-
nal beam performances at the input of the injector linac are

shown in Fig.2.
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(¢) Transverse phase distribution.
3.2 Beam dynamics in the positron injector linac

The beam dynamics in the injector linac has been stud-
ied analytically and by simulations with the PARMELA
code!®! as well.

Choice of the “synchronous phase”
Due to the large energy spread and the phase spread of
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the input beam, for the injector beam dynamics studies, we
first have to define the “optimum synchronous phase” by
shifting the RF phase to obtain an optimum effective accelera-
tion, an optimum transmission and a reasonable beam perfor-

mance. In the primary calculations, an accelerating gradient

of Eq=12 MV/m and a longitudinal solenoid field of B, =
0.32 T were used. The selection of the B, value will be ex-
plained later. The space charge and beam loading effects

were neglected to begin, which will also be discussed later.

Table 2. Beam performances with varying accelerating phase.
particle average energy/ horizontal normalized Tms  vertical normalized mms
RF phase/(°) o energy spread/rms
transmission MeV emittance/( x 10™%m)  emittance/{ x 10 >m)
0 21.5% 247.02 2.46 2.57 10.86%
-2 21.5% 247.78 2.47 2.53 10.57%
-4 21.5% 247.77 2.50 2.50 10.41%
-6 21.5% 247.71 2.50 2.50 10.22%

Table 2 lists the beam performance with different accel-
erating phase angles, obtained by the beam simulations with
PARMELA. From this table one can see that the “optimum
phase angle” in the injector linac has a range of a few de-
grees, due to the large input energy spread and phase spread.
Choice of the solenoid magnetic field

The number of positrons per pulse at the injector linac
output would be a factor of about 2 higher than the one at the
interaction point of the linear collider. The beam transmission
from the target to the injector linac exit , 7,, has to fulfill:
0.7x16.8x 7, = 2.5(e* /e ), where 0.7 is the capture
efficiency of the spent electron’ s capture system, which is
given by the energy spread of the spent electron beam ( *
3%) caused by the beamstrahlung at the interaction point;
16.8 e* /e™ is the positron yield at the target[G] . Hence the
transmission in the AMD and the injector linac should be >
21% .

Given the accelerating gradient and the iris radius, the
beam transmission and its transverse performance at the injec-
tor output are dominated by the longitudinal magnetic field B,
of the solenoid surrounding the accelerating structure. Using
the PARMELA code, we obtain the relations between 7, and
B,, as listed in Table 3. With this table one can see that to

meet 7, >21% , one has to choose B,=0.32 T.

Table 3. Beam transmission vs solenoid field
B,/T AMD length/m 7
0.25 0.77 17.6%
0.32 0.59 21.5%
0.55 0.33 31.7%

Space-charge effects
The beam simulation with the PARMELA code shows

that the space-charge effects on the beam performance, with
the beam current mentioned above, are negligible due to the
large beam emittance and the large longitudinal phase spread.
If we take into account the electron bunches as well, which
are overlapped in space with the positron bunches at the in-
jector input, the space-charge rejection effects can be reason-
ably neglected.
Single-bunch beam loading effect

With ABCI code®), we calculated the longitudinal wake

W, and the related loss factor £; in a cell, as shown in Fig.

3, and k1=% [ W,(2)-iy(2)dz = —0.9992V/pC. Hence

the change of the energy distribution due to the wake in a
cell, e.g. in the first cell (with maximum positron bunch
charge) of the injector linac is AW, = N} +k;= —40 keV.
This change of the energy distribution in a bunch is negligible
compared with the already existing energy spread in a bunch.
However it will affect the average energy of a bunch after
passing through many cells. By using the loss factor K; and
taking into account the particle loss in the injector linac, the
calculated change of the average energy at the output (totally
252 cells) will be a few MeV, which is consistent with the
PARMELA simulation, as shown in Table 4.
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Fig.3. Longitudinal wake field in a cell.
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Table 4. Energy gain with and without beam loading.

average energy/ €n,z,ms’  €n,y,ms/ energy spread/

MeV (x107°m) (x107%m)

ms

I=51.0A

247.7 2.5 2.5 10.6%

without beam loading

I=51.0A

241.2 2.5 2.5 9.83%

with beam loading

Multi-bunch transient beam loading effect

During the beam pulse length of 800us in the TESLA
designm , the beam power exiracted from a section is about
0.65MW. To establish an unloaded gradient of 12MV/m,
each section needs an RF power of 6.97MW. Thus without
compensation for the transient beam loading, the bunch-to-
bunch energy change in a section will be about 15% . A lin-
ear amplitude ramp over the pulse length can perfectly com-
pensate the transient beam loading for a constant gradient sec-
tion with almost constant shunt-impedance per unit length.
An RF power of about 20% output from each klystron is re-

served for this compensation.

A TW version of a possible positron injector linac for
TESLA has been studied. The final beam performance is
listed in Table 5, and shown in Fig.4. We can see that
the number of positrons per pulse and the normalized
transverse emittance (1.9/1.9 x 10™%m for 100% of the
particles ) well meet the required positron damping ring
acceptance ( = 4.8 x 1072m ). Regarding the energy
spread, we need about + 16 MeV energy cut (for energy
spread of + 6.5% ) by using two bending magnetsm .
The beam simulation indicated that a + 16MeV energy cut
leads to a reduced phase spread of about +7.0 degrees,
due to the fact that the positrons in the tail of a bunch
have a lower energy than the core positrons (see Fig. 4
(e)). A remaining number of positrons is about 74% ,
hence the number of positrons per pulse at the injector
linac output is a factor of 1.9 higher than the one at the
Interaction point.

The design principle of the positron injector linac
described here could be a good reference for others with

the conventional positron source.

4 Sulmnary Table 5. Positron beam performance at the injector linac output
(after energy cut).

A modified cup-like disc-loaded structure for a L- design required by damping ring
band positron injector linac has been designed. By adopt- energy/MeV 248 ~ 250
ing “two half cups” cell geometry and by changing the %V £6.5% £6.5%
disc iris thickness cell-by-cell in each section, a large iris Ag £7.0° £7.5°
diameter of > 30mm and a high shunt impedance of > e./e,(Nom. ) x 10~2m, Lo e
50M()/m have been obtained simulianeously, meeting the (100% particle) R =%
requirements of high gradient and large acceptance.
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) © 6]
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0 0 0
-25 ~15000 [F- —~15000 —
-5.0 —30000 ~30000 &
-50 —25 O 25 5.0 —50 25 ¢ 25 50 0 11 22 33 44
Fig.4. Positron beam performance at the PIL output.

(a) %-x phase space; (b) y-y phase space;(c) phase spectrum;(d) %-y beam cross section; (e)Ast.A</1;(f) energy spectrum.
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